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Background: Smokeless tobacco (SLT) use is a major public health burden and highly 
prevalent in Bangladesh. Over 20 million Bangladeshi adults are currently using SLT. 
Bangladesh Government had announced its vision to become a tobacco free country by 
2040. Therefore, public health efforts focusing on preventing SLT onset among 
adolescents would contribute towards this vision. However, apart from national 
adolescent SLT prevalence from Global youth Tobacco Survey (GYTS), no other 
information linked to adolescent SLT use is available to inform future interventions. Also, 
SLT use related health burden such as oral cancer is highly prevalent in Bangladesh. 
Globally, Bangladesh ranked third for oral cancer related death. Every year over 8,000 
Bangladeshi adults lost their lives because of this deadly disease. Regarding the 
relationship between SLT and oral cancer risk, there is a disconnection between the study 
findings from the western countries and developing countries. With the diversity of SLT 
products and its content there is a need to produce local evidence. Therefore, the overall 
aim of this PhD research was to examine the factors contributing to adolescent SLT use 
in Bangladesh and the role of SLT in oral carcinogenesis among Bangladeshi adults.  
Methods: To attain the study objectives, in 2015 a cross-sectional survey (n=790, 
response rate 100%) in two rural secondary schools and a hospital-based case-control 
study (n=507; case:169 and controls: 338, case participation rate 92.86%) were carried 
out in Bangladesh. 
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Results: The findings of the adolescent cross-sectional survey suggest that the ever and 
current SLT prevalence among rural Bangladeshi adolescent was 9.5% (75) and 3.7% 
(29) respectively. Males were the leading users of SLT. Zarda (80%) is the most common 
type of SLT used by the adolescents. Rural Bangladeshi adolescent started using SLT as 
early as seven years old and younger. Social sources (41.4%) were the most common 
source of SLT reported. Most adolescents (65.2%) were able to buy SLT from commercial 
stores without any restrictions. Many current SLT users (89.7%) wanted to quit SLT but 
professional help was not available. Overall, adolescents had good knowledge about the 
adverse effects of SLT use, though misconceptions about the addictive nature of SLT use 
were prevalent. Older age, self-efficacy, perceived barriers, perceived benefits and 
perceived severity were the significant predictors of adolescent SLT use. 
The findings of the hospital-based case-control study suggest a strong association 
between SLT use and oral cancer risk among Bangladeshi adults. Women [OR: 14.33 
(95%CI: 6.33-32.42)] had the higher risk of developing oral cancer than men [OR: 5.29 
(95%CI: 2.62-10.67)] from SLT use. Among men highest risk was observed among dual 
users (SLT and smoking) [OR: 17.23 (95%CI: 5.70-52.01)]. Both Betel Quid (BQ) with 
and without tobacco increased the oral cancer risk. However, the risk was lower for 
chewing BQ without tobacco than BQ with tobacco. The risk of oral cancer increased with 
the increasing frequency and intensity of SLT use. About 61% of all oral cancer cases in 
Bangladesh were attributable to SLT use. Among other oral cancer risk factors - bidi 
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smoking, oral hygiene factors and leanness were associated with increased oral cancer 
risk. 
Conclusion: The findings of the present cross-sectional survey and hospital-based case-
control study were comparable to existing literatures. Our evidence suggests that SLT 
use among rural Bangladeshi adolescent is low compared to other neighbouring countries. 
However, initiation of SLT at an early age is a public health concern. Lack of professional 
help to quit SLT and poor implementation of tobacco control laws were prevalent. Overall 
knowledge about SLT use and its ill effects was good, but misconceptions were prevalent.  
The case-control study demonstrated a significant increase of risk of oral cancer is 
associated with SLT use. Women had higher risk of developing oral cancer of SLT use 
than men. For men dual use of SLT and smoking was the major risk factor. Both BQ with 
and without tobacco was associated with oral cancer incidence. A large number of oral 
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Preface 
While growing up in a culture where Smokeless tobacco (SLT) use is mostly 
deemed as a shared social activity performed with friends and family members that has 
been incorporated into social activities and social rituals, such as festivals and weddings, 
I always felt that trying SLT occasionally would not do any harm, since the use of SLT 
has passed from generation to generation as a family and cultural tradition. However, my 
observation started changing when I started studying in one of the country’s most 
renowned public dental college.  
During my placement in the final year and internship, I started noticing that many 
oral cancer patients visited the oral surgery outpatient department, and there was one 
thing that most of the patients, if not all, had in common – they were SLT users. There 
is a high prevalence of SLT use in Bangladesh, one of the highest in the world, and the 
burden related to it is substantial. Bangladesh has also got the second highest number 
of oral cancer-related deaths in the world. 
 I always aspired to do something about this national crisis through public health 
efforts. While my colleagues were committed to their clinical career, I always wanted to 
be a public health professional, as I am a strong believer that prevention is better than 
cure. To follow my dream, I achieved an MSc in Public Health and MBA in hospital and 
health services management from UK universities and I am now working as a Senior 
Public Health Officer for one of the local authorities in the United Kingdom (the UK).  
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While looking at the evidence of oral cancer being associated with SLT use, I found 
there was not a single study from Bangladesh that investigated this association. Then in 
2014, a global report on Smokeless tobacco was published by the National Cancer 
Institute Centers for Disease Control and Prevention U.S. Department of Health and 
Human Services, titled “Smokeless Tobacco and Public Health: A Global Perspective.” The 
report was a real eye-opener and emphasised the importance of yielding local evidence. 
Appreciating the importance of generating local evidence, this PhD research has 
looked at this relationship between SLT use and oral cancer risk in the Bangladeshi 
context. However, I did not only want to focus on the problem but also to explore a 
possible solution to it. Therefore, this PhD research also looked at the determinants of 
adolescent SLT use in Bangladesh. Exploring the key factors of adolescent SLT use was 
sought to inform communication, educational, and regulatory strategies that are aimed 
at reducing SLT onset among the most vulnerable group.  
We know research is generally understood to be a systematic process to generate 
new knowledge and can act as a powerful tool for providing information for policy 
formation. It is envisaged that the findings of this PhD research will produce evidence of 
SLT-related harm in Bangladesh. Those appropriate policies can be formulated in order 
to eliminate this national burden. Also, identifying the key factors of adolescent SLT use 
may help in the aid intervention programmes in the adolescent population in Bangladesh, 
as preventing SLT onset among adolescents would hugely contribute towards the 
Bangladesh Governments’ vision to become a tobacco-free country by 2040.  
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Chapter I. Introduction 
1.1 Smokeless tobacco 
According to the Centres for Disease Control and Prevention (CDC, 2018), SLT 
refers to tobacco that is not burnt but chewed, spit or swallowed and contains nicotine, 
which is highly addictive. Unlike smoked tobacco that is burnt and then inhaled, such as 
cigarettes, cigars or water pipes, SLT is used orally or nasally, which results in the 
absorption of nicotine and other harmful chemicals through mucous membranes (Bofetta 
et al., 2008). 
The practice of SLT use dates back to as early as the 1400s. Native Americans 
were probably the first people to have chewed tobacco (IARC, 2007), and they believed 
SLT had several medicinal uses, including easing toothache, disinfecting cuts with tobacco 
juice and relieving the effects of insects and snake bites (Axton, 2015). In the early 17th 
century, tobacco became a major export of the American colonies and various forms of 
tobacco use spread across Europe, Russia, China and other parts of the world (Christen 
et al., 1982). 
In the 1600s, tobacco was introduced into South Asia as a product to smoke, and 
since then, tobacco has been used in different forms (Gupta and Ray, 2003). Betel quid 
(BQ) chewing (a type of SLT commonly used in South-East Asia) was a popular practice 
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that has existed for over 2,000 years, and after its introduction, tobacco became a popular 
ingredient in BQ. Later, BQ with tobacco became the most used form of SLT in South-
Asia (Gupta and Ray, 2003). Today, over 300 million people from 70 low-, medium- and 
high-income countries use SLT (NCI and CDC, 2014). 
1.1.1 Types of smokeless tobacco used across regions 
Based on its mode of use, the IARC has categorised SLT into two main groups: 
oral use and nasal use. Oral use of SLT products is further split into three categories: 
sucking, chewing and other oral uses (IARC, 2007). Table 1 shows the type of SLT, 
according to its use. 
Table 1: Type of smokeless tobacco, according to the mode of use 
Oral use Nasal use 
Sucking Chewing Other oral uses 
Chimo Betel quid Creamy stuff Dry snuff 
Dry snuff Gutka Gudhaku Liquid snuff 
Gutka Iq’mik Gul 
Khaini Khaini Mishri 
Loose leaf Khiwam Red tooth powder 
Maras Loose leaf Tuibur 
Mishri Mawa 
Mosit snuff Plug 
Naswar Tobacco chewing 
Plug Gum 
Shammah Twist or roll 
Toombak Zarda 
(Source: IARC, 2007, p. 47) 




Based on the production and preparation method, SLT can be further categorised into 
two main groups: pre-made SLT products and custom-made SLT products. There are two 
types of pre-made SLT products: commercial products (made in traditional manufacturing 
settings) and cottage products (made in a non-traditional environment, such as shops, 
houses, market halls and street vendors, and sold in non-commercial packaging, e.g. 
wrapped in paper or plastic bags) (NCI and CDC, 2014). Table 2 shows a list of SLT 
products, based on their manufacture and preparation. 
Table 2: Characteristics and examples of pre-made and custom-made smokeless tobacco 
products 
(Source: NCI and CDC, 2014, p. 81.) 
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Globally, SLT products are used in different forms and their contents vary 
extensively across regions. Table 3 below lists the types of SLT products used in WHO 
regions. 
Table 3: Types and names of smokeless tobacco used in WHO regions 
SLT product 
WHO region 
AFRO AMRO EMRO EURO SEARO WPRO 
Oral use 
BQ With Tobacco X X X 
Chimo X 
Creamy Snuff X 











Mosit Snuff X X 
Naswar X X X X 
Plug X 
Red Tooth Powder X 




Zarda X X 
Nasal use 
Dry Snuff X X X X 
Liquid Snuff X 
(Source: IARC, 2007, p. 48) 
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South-East Asia 
The SEAR is home to 90% of SLT users, with over 250 million SLT users living in 
this region (Sinha et al., 2012). Oral use of SLT is widely prevalent in this region, and 
sun- or air-dried SLT products are used in their processed, unprocessed or manufactured 
forms. The most popular form of SLT in India and Bangladesh is BQ, which refers to a 
combination of betel leaf, areca nut and slaked lime (Sinha et al., 2012). 
Figure 1: Examples of smokeless tobacco products used around the world (Source: NCI 
and CDC, 2014, p. 80). 
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Using unprocessed SLT products is widely seen in various parts of India. Kaddipuddi is 
a cheap quality of ‘tobacco powdered stick’ used in Karnataka, India. Gundi, which is 
also known as kadapan, is made from coarsely powdered tobacco, coriander seeds and 
other spices. It is commonly used in Gujrat and West Bengal. Kiwam is a kind of tobacco 
paste that is mixed with other spices and used in North India and Pakistan. Zarda is one 
of the most popular SLT products in Bangladesh and India. It is generally flavoured with 
cardamom and chewed with BQ. Another prevalent form of SLT used in India and 
Bangladesh is gutkha, where the dried powder form of tobacco is used to clean teeth. 
Powdered tobaccos are locally known as mishri, bajjar and gul and are often made at 
home by roasting and grinding tobacco leaves. Women from rural localities are the prime 
users of tobacco powders (Gupta and Ray, 2003). In Pakistan, naswar is the most 
frequently used SLT product. It is produced from powdered tobacco, flavoured cardamom 
and menthol (Bile et al., 2010). Nass is another mixture of SLT powder blended with 
sesame oil and lime and is usually used in Central Asia, Pakistan and Iran. In Sri Lanka, 
tobacco with BQ is the most popular form of SLT (Somatunga et al., 2012). Additional 
SLT products used in Sri Lanka are pan masala, mawa and khaini (tobacco blended 
with honey/alcohol). 
7 | P a g e
North and South America 
Despite a significant reduction in cigarette smoking rates among US adults, the 
use of other tobacco products, such as cigars and SLT, did not change over the past five 
decades (Agaku et al., 2014). Rather, SLT prevalence increased considerably from 2002-
2012 (Agaku and Alpert, 2016). Two major types of SLT are used in the US: chewing 
tobacco (in the form of loose leaf, plug and twist) and snuff (including snus), which is 
grounded tobacco placed between the lips or inside the cheek (NCI and CDC, 2014). The 
types of tobacco used vary across different regions in the United States. In North America, 
chewing tobacco, snuff, dry and moist are commonly used, whereas in South America, 
people use chimo (NCI and CDC, 2014). The chewing tobacco used by Americans overall 
is classified as loose leaf, plug-moist, plug-chew, twist or roll. 
Europe 
In Europe, SLT is popular among Swedish people despite it being the only country 
in Europe to achieve the WHO’s goal of having a smoking prevalence of less than 20% 
daily cigarettes among adults by 2000 (Furberg et al., 2006). Although the prevalence of 
smoking in Sweden has declined over time, tobacco consumption has remained relatively 
stable today due to the increasing popularity of SLT. In Sweden and Norway, snus is the 
most popular form of SLT product. Snus is ground tobacco characterised by a lower 
concentration of harmful chemicals than other tobacco products but with a high 
concentration of nicotine. In the United Kingdom, SLT products are mostly consumed by 
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the South-Asian community (Longman et al., 2010), with the most popular being gutkha 
(made from tobacco powder, slaked lime, areca nut, saffron and a flavouring agent). 
Zarda with BQ and khaini (made from tobacco, slaked lime, indigo, cardamom and 
menthol) are mostly consumed by the Pakistani community (NCI and CDC, 2014). 
1.1.2 Biochemical composition of smokeless tobacco 
SLT products contain roughly 4,000 types of chemicals, including carcinogens, 
nicotine and other toxicants, that play a critical role in causing adverse health effects 
(Rodgman and Perfetti, 2016). Based on the available data, the IARC identified SLT as 
group I carcinogens to humans (IARC, 2007). To date, 28 carcinogens have been 
identified in SLT products. The most abundant group of carcinogens in SLT products are 
TSNAs and N–nitrosoamino acids (Hoffmann and Djordjevic, 1997). TSNAs are considered 
to be the most potent because of their level of carcinogenicity and concentration in SLT 
(XUE et al., 2014). Nicotine-derived nitrosamine ketone (NNK) and N-nitrosonornicotine 
(NNN) are the two main carcinogenic compounds of TSNAs and are believed to be 
involved in causing oral cancer among SLT users. Other carcinogens present in the SLT 
products are N–nitrosoamino acids, volatile N-nitrosamines, PAHs, volatile aldehydes, 
inorganic compounds, metals and metalloids (Hoffmann and Djordjevic, 1997). 
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SLT products also contain nicotine that causes both tobacco addiction and the 
persistent use of SLT products. Therefore, users are continuously exposed to carcinogenic 
agents and toxic chemicals that cause adverse health effects (NCI and CDC, 2014). Two 
types of nicotine in SLT products have been identified, one is free nicotine (un-ionised 
nicotine) and the other is bound nicotine (ionised nicotine). One of the significant 
properties of free nicotine is that it can cross the cell membranes rapidly compared to 
bound nicotine. The amount of free nicotine present in SLT products depends on the pH 
of the products. A higher pH SLT product has a greater proportion of free nicotine (Richter 
and Spierto, 2003). Unprocessed tobacco products are slightly acidic and thus contain 
less than 5% free nicotine. However, during SLT production, various alkaline agents are 
added to boost pH levels and deliver a higher amount of free nicotine to the users, which 
causes greater addiction. 
As discussed, the content of SLT products varies substantially around the globe, 
as does the toxicity and carcinogenicity. An analysis of conventional moist snuff (a type 
of SLT product) and low-TSNAs moist snuff from the United States, Sweden and South 
Africa showed that mean nicotine levels in low-TSNA moist snuff products (M = 18.77 
mg/g, SD = 4.89) were significantly lower than conventional products (M = 24.48 mg/g, 
SD = 3.39; (Song et al., 2016). Among the carcinogens, conventional moist snuff had a 
higher level of NNK and NNN compared to low-TSNA moist snuff products. However, low-
TSNA moist snuff products had a higher level of arsenic. Another study from the United 
States found that free nicotine in SLT products varied 350-fold and ranged from 0.01 to 
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3.7 mg/g. Product pH ranged from 4.7 to 7.9 and TSNA concentration ranged from 313 
to 76,500 ng/g (Lawler et al., 2013). 
 A recent analysis of SLT products from South-Asia by Stanfill et al., (2018) 
revealed the chemical contents of several SLT products from Bangladesh. The study 
analysed the chemical composition of three commonly used SLT products from 
Bangladesh: guthka, zarda and khaini. Among all the products, two of the khaini brands 
had the highest pH, free nicotine and TSNA levels. Specifically, raja chap khaini had the 
highest free nicotine (11.9 mg/g), whereas Chaini khaini had the highest concentration 
of TSNAs (48.1 μg/g, wet). All zarda products had a very high concentration of nicotine 
(21.9–32.9 mg/g). All the guthka products contained areca nut, which is neuroactive, 
carcinogenic and toxic. Hossain, Hassi and Imamul Huq (2018) found that the majority 
of the SLT products in Bangladesh had a high concentration of heavy metals (lead, 
cadmium and chromium), and their potential cancer risk exceeded the acceptable limit 
value of 10E-4 to 10E-6. Thus, these tobacco products carry an ‘unacceptable’ cancer risk 
for the human body. 
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1.1.3 Oral diseases associated with smokeless tobacco use 
The oral health risk associated with SLT use can differ substantially by the type of 
SLT, the way it is consumed and its interaction with behavioural habits, such as drinking 
alcohol and cigarette smoking (NCI and CDC, 2014). Demonstrating the oral effects of 
SLT use is complicated because of the variety of SLT products that are used around the 
globe, its chemical composition and the different ways they are being consumed. 
Therefore, the conclusion about the product characteristics and its effect on oral health 
may not be transferable from one country to another. 
1.1.3.1 Oral mucosal lesions 
Oral mucosal lesions are common in SLT users and may develop even with limited 
use. Pre-cancerous lesions are important as they may later turn into oral cancer, 
especially from leukoplakia and oral submucous fibrosis (IARC, 2004; Lee et al., 2011). 
These types of lesions occur at the site of the SLT application and are strongly associated 
with the type and duration of SLT use. In a previous study from India, researchers found 
that pre-cancerous lesions were present among 40% of tobacco users and a longer 
duration of use was one of the predictive factors (Panwar et al., 2012). Several studies 
from the Middle East, Africa, America, Europe and Scandinavian countries established 
that SLT clearly increases the risk of oral mucosal lesions, namely leukoplakia, 
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erythroplakia and epithelial dysplasia. However, it is hard to quantify the risk in South 
Asia because of the diversity of SLT products and its compositions (IARC, 2007; 
Kallischnigg et al., 2008; Bofetta et al., 2008; Greene et al., 2011; Agbor et al., 2013; Al-
Agili and Park, 2013). 
1.1.3.2 Oral cancer 
Evidence from multiple epidemiologic studies suggests a causal relationship 
between SLT use and oral cancer (IARC, 2007; Boffetta et al. 2008; Lee and Hamling, 
2009). However, the risk of getting oral cancer varies substantially due to product 
characteristics, dosages and the duration of the use (IARC, 2007). Therefore, the risk of 
developing oral cancer from SLT use remains debatable. Janbaz et al. (2014) indicated 
that the risk of developing oral cancer from SLT use varied from low to medium or high 
depending on the balance between cancer-causing and cancer-inhibiting agents. In 
contrast, Swedish studies did not support the causal relationship between SLT use and 
oral cancer development, namely snus use and oral cancer. An extensive follow-up study 
among 125,576 non-smoking Swedish men confirmed no excess risk of oral cancer in 
snus users, but they did find snus use was independently associated with pancreatic 
cancer (Luo et al., 2007). 
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1.1.3.3 Periodontal diseases 
Gingival recession, especially at the site of SLT placement, is reported to be the 
most common periodontal changes associated with SLT use (Wenitrub and Burt, 1987; 
Monten et al., 2006; Kumar et al., 2012). SLT use is also strongly associated with severe 
periodontal diseases (Fisher et al., 2005). A previous study from South Asia indicated that 
SLT use may be associated with increased periodontal destruction and tooth attachment 
loss (Sumanh et al., 2008). A recent study from Bangladesh revealed that BQ chewing 
leads to poorer periodontal health (Akther et al., 2008). Disagreement on this also exists, 
as several studies have reported no association between SLT use and gingival recession, 
tooth loss or bone loss (Bergstorm et al., 2006; Hugoson and Rolandsson, 2011). Poor 
periodontal health associated with SLT use is namely supported by studies conducted in 
the Indian subcontinent (Parmar et al., 2008; Anand et al., 2013; Mohamed and Jankiram, 
2013). It is possible the variance of study results is down to the different composition of 
SLT products used in different regions. 
1.1.3.4 Dental caries 
The high proportion of sugar in chewing tobacco has always been a cause of 
concern. The third national health survey in the United States conducted from 1988 to 
1994 revealed that SLT users had a slightly higher mean number of decayed or filled 
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teeth (Winn, 2001). However, dental caries is a multifactorial disease and, therefore, SLT 
use may be a co-variable in this complex process rather than a direct aetiological factor. 
Some studies have supported the association between dental caries and SLT use 
(Greer,2011; Holmen et al., 2013), whereas several Swedish studies found that Swedish 
snus is not related to dental caries (Hugoson et al., 2012; Hellqvist et al., 2015). In the 
Indian subcontinent, studies had reported a higher association between SLT use and 
dental caries (Chaitanya et al., 2018; Sharma, Mishra and Mittal, 2018). The difference 
in study findings is possibly linked to different levels of sugar in different SLT products.  
1.1.4 Global smokeless tobacco prevalence and trends 
According to recent WHO estimates, there are at least 367 million SLT users aged 
15 years old or more worldwide (WHO, 2018a), with more male (237 million) than female 
(126 million) SLT users. A disproportionate number of people from lower-income areas 
use SLT products. More than 90% of global SLT users reside in lower-income countries 
(LICs) and LMICs (Sinha et al., 2018). Globally, 88.5% of adult SLT users live in the 
following 11 countries: India (237.4 million, 66.6%), Bangladesh (30.5 million, 8.5%), 
Myanmar (12.6 million, 3.5%), Pakistan (9.7 million, 2.7%), the United States (9.6 
million, 2.6%), China (4.1 million, 1.2%), Indonesia (3.2 million, 0.9%), Nepal and 
Colombia (3.0 million, 0.9% each) and Madagascar (2.5 million, 0.7%; Sinha et al., 2018). 
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Data from previous studies suggest that smoking is the predominant form of 
tobacco used in industrialised countries (NCI and CDC, 2014). Despite this, SLT use is 
prevalent in many European, American and Western Pacific countries. A recent review by 
Leon et al., (2016), involving 18 European countries, revealed that the highest prevalence 
of SLT use was observed in Sweden (12.3%; 20.7% males, 3.5% females). Among other 
European countries, the highest rate of SLT use was observed in Poland (5.5%), Spain 
(2.5%), the Czech Republic (2.1%) and Finland (2.0%). In the Americas, the highest rate 
of use was seen in the United States (3.2%) and Micronesia (11.4%) in the Western 
Pacific (NCI and CDC, 2014). 
Table 4: Smokeless tobacco prevalence and the number of users, 15 years of age or 
more, among WHO regions and the World Bank country income group, 2007–2017 
Average prevalence rate (%) Estimated no. of SLT users 
(millions) 
WHO regions Males Females Both 
sexes 
Males Females Both 
sexes 
All 8.4 4.6 6.5 237.3 129.4 366.7 
African 2.9 2.4 2.7 8.0 6.8 14.8 
Americas 1.8 0.2 1.0 7.5 0.7 8.2 
Eastern 
Mediterranean 
4.0 1.3 2.7 8.4 2.6 11.0 
Europe 1.6 0.3 0.9 6.9 1.4 8.3 
South-East Asia 27.7 16.4 22.1 191.8 109.5 301.4 
Western Pacific 1.8 1.1 1.4 14.7 8.5 23.1 
World Bank country income group 
All 8.4 4.6 6.5 237.3 129.4 366.7 
High-income 1.6 0.2 0.9 9.2 1.3 10.5 
Upper middle-income 1.7 0.9 1.3 18.5 10.0 28.5 
Lower middle-income 20.3 11.6 16.0 202.9 113.9 316.9 
Low-income 4.1 2.4 3.2 6.7 4.1 10.8 
(Source: WHO, 2018a) 
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The WHO’s recent report on global smoking prevalence showed a declining trend: 
25.7% in 2000 to 19.8% in 2015 and this is projected to be 17.1% by 2025 (WHO, 
2018a). However, rates of SLT use have not seen a similar decline. Instead, SLT 
prevalence in the SEAR has thrived and in countries such as Bangladesh, SLT prevalence 
is still higher than smoking prevalence (Sinha et al., 2015). Based on the recent Global 
adult tobacco survey (GATS), the overall prevalence of SLT in Bangladesh fell by 7.14%, 
from 27.2% in 2009 to 20.06% in 2017. However, the overall prevalence of SLT in 
Bangladesh remained high (20.6%) compared to smoking tobacco (18%) (GATS, 2017). 
Similarly, in India, the two waves of GATS also showed that SLT prevalence was declining, 
from 25.9% (2009-2010) to 21.4% (2016-2017), with SLT remaining the major form of 
tobacco use. 10.7% of adults are currently smoking tobacco compared to 21.4% using 
SLT (Chaturvedi et al., 2017). Therefore, potentially, there is the possibility that the 
smoking epidemic could become an SLT epidemic in this region.  
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1.2 Smokeless tobacco use in Bangladesh 
1.2.1 Types of smokeless tobacco used in Bangladesh 
A wide variety of SLT products are used in Bangladesh, including unprocessed, 
processed and manufactured products, which vary significantly in their composition, 
method of preparation and consumption pattern (Huque et al., 2017). Recent studies 
suggest that sun-dried tobacco leaves (locally known as sadapata), zarda and gul are the 
most commonly used SLT products in Bangladesh (Zaman et al., 2014; Hossain et al., 
2014a). Table 5 provides the names of commonly used SLT products in Bangladesh and 
their prevalence among adults. 
1.2.2 The prevalence, trends and characteristics of smokeless 
tobacco users 
Bangladesh has a long history of tobacco use. Overall, 35.3% adults (37.8 million; 
46.0% male, 25.2% female) use various forms of tobacco (WHO, 2017). Based on the 
recent GATS report (2017), 20.6% of Bangladeshi adults (24.8% female, 16.2% male) 
use SLT. Overall, one-quarter of Bangladeshi adults use SLT, making it the main form of 
tobacco use in Bangladesh. During 2004–2009, SLT use in Bangladesh increased by 7.5% 
or 9 million users (from 17.2 million to 25.9 million). However, as mentioned previously, 
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due to government initiatives during 2009–2017, overall SLT use fell by 5.8% and was 
greater among men (decreased by 10.2%) compared to women (decreased by 3.1%; 
WHO, 2017). 
Table 5: Commonly used smokeless tobacco products in Bangladesh: composition, 
production, consumption and prevalence 
SLT 
products 
Compositions Production Consumption Prevalence 
adults (%) 
Zarda Tobacco, lime, spices, 







Gul Tobacco powder, molasses Manufactured 
commercially 
Applied to 











betel leaf, lime 
and areca nut 
1.8 
Khoinee Tobacco, slaked lime, 





by the user  
Kept in the 
mouth 
between the 










by the user 
Same as above 27.2 
(Source: Huque et al., 2017) 
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The majority of SLT users in Bangladesh use products regularly, with 65% of the 
current SLT users (both men and women) being daily users (NCI and CDC, 2014). 
However, the combined use of smoking and SLT remains low in Bangladesh, with only 
6.8% of Bangladeshi adults being dual users (13% male, 0.70% female). Regarding the 
age of initiation, Bangladeshi adults begin using SLT late compared to smoking tobacco. 
The previous GATS Bangladesh study showed that the mean age of smoking tobacco 
initiation in Bangladesh was 18.8 in 2009. However, the study did not report the SLT 
initiation age. Several other studies reported the key difference between SLT and smoked 
tobacco initiation in Bangladesh. A population-based prospective study of 19,934 
Bangladeshi adults found that the mean age of SLT initiation among Bangladeshi adults 
was 31 years (Heck et al., 2012). Another large population-based cross-sectional study 
of 6,178 individuals aged ≥13 years observed a similar trend, as the average age was 
35.0 years (mean±SD, 35.1±13.6 years), although the use of SLT started somewhat 
earlier in men (33.7±14.8 years vs 37.5 ±10.9 years) (Mia et al., 2017). The overall quit 
ratio of SLT use in Bangladesh was low (5.5%) (WHO, 2009). 
In Bangladesh, the higher prevalence of SLT among the older population remains 
a public health issue. The popularity of SLT use in Bangladesh rises steadily with age. 
Only 6.6% of individuals aged 15–24 years use it, compared to 56.4% of those aged 65 
years and above (WHO, 2009). A recent International Tobacco Control survey (ITC) 
report from Bangladesh showed that SLT use rates increase with age, with 36% of adults 
aged 55 years and older using SLT compared to only 8.5% of adults younger than 25 
20 | P a g e
years (Abdullah, et al., 2014). The same trend was also observed among adolescents, 
with 8.5% of youths aged 11–12 years using tobacco compared to 16.2% of those aged 
16 and older (Kabir et al., 2015). However, the information related to these rates was 
not exclusive to SLT use as both smoking and SLT were included in the data. 
There are gender differences in tobacco use is observed in Bangladesh with the 
majority of SLT users being women, which has been documented in previous studies. A 
survey among 35,000 Bangladeshi adults showed that men are twice as likely to use 
tobacco; however, when different types of tobacco use were considered, women were 
less likely to smoke tobacco or use smoking and SLT in combination and more likely to 
use SLT (Flora et al., 2009).  
Most SLT users in Bangladesh came from a low socio-economic background and 
more than half of SLT users have no-formal education. There was a higher rate of SLT 
use (52.1%) among individuals from lower socio-economic status (SES) households 
(<5,000 BDT per month; £47) compared to 7% from higher SES households (>10,000 
BDT per month; £94). A higher rate of SLT use was observed among individuals from 
households with illiterate heads who owned less than 200 decimals of land (Choudhury 
et al., 2007; Mia et al., 2017). SLT use was also more prevalent among the rural 
population, who were 1.5 times more likely to be SLT users compared to the urban 
population (Flora et al., 2009). 
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1.2.3 Key factors associated with the high prevalence of smokeless 
tobacco use in Bangladesh 
1.2.3.1 Socio-cultural factors 
Socio-cultural factors play a key role in risk-taking behaviour. Early studies suggest 
that society provides the context for its members in which their behaviour is shaped and 
conducted in certain ways (Mane, 1994). Society and culture influence the initiation or 
cessation of tobacco use and focuses on which tobacco is deeply embedded in the value 
system. Several socio-cultural norms and factors influence SLT use and can be classified 
into three major factors: social acceptability, religious beliefs and perceived health 
benefits (Auluck et al., 2009). The above framework is used to understand how socio-
cultural factors shape SLT use in Bangladesh. 
 Social acceptability 
In Bangladesh, using SLT is regarded as a shared social activity that is performed 
with friends, relatives and family members and it has been integrated into social 
gatherings, such as festivals, weddings and religious gatherings (Sansone, 2014). 
Therefore, the relationship between social rituals and the use of SLT has been passed on 
from generation to generation as a cultural tradition (Kakde et al., 2012). However, in 
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the case of smoking, there is not the same level of social acceptance and inclusion. In 
Bangladeshi society, traditional values do not allow or strongly discourage smoking by 
women (Gupta and Ray, 2003). For Bangladeshi men, smoking is associated with their 
male identity and therefore viewed as a normal social activity, whereas for women, it is 
regarded as bad and disrespectful (Bush et al., 2003). It is more likely that women who 
smoke publicly will be noticed compared to men and many of them avoid smoking to 
avoid the negative perception of their family members and elders. However, SLT is highly 
prevalent among Bangladeshi women as it is more acceptable than smoking and easier 
for women to conceal, due to the lack of odour and smoke.  
The high prevalence of SLT use in Bangladesh is also associated with family 
tradition, as many users start using SLT as a result of being influenced by their family 
members (Rahman et al., 2015). In Bangladeshi society, younger people hesitate to 
smoke in front of their parents or seniors. However, SLT is an exception and chewing pan 
or betel leaf along with tobacco products is regarded as normal social behaviour and 
considered to be a symbol of hospitality in the rural areas of Bangladesh. Even individuals 
who have few resources feel embarrassed if they cannot offer SLT to a guest in their 
home (Islam and Al-Khateeb, 1995). 
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Religious beliefs 
Tobacco use is discouraged by Islam. Nevertheless, SLT use is still common in 
Bangladesh, a Muslim-majority country. Misinterpretation of tobacco use under Islam, 
such as allowing people to use SLT if they are not addicted to it, leads to SLT initiation 
and dependency. In Islam, any form of tobacco use is considered to be haram or 
forbidden (Albar, 1994). Being Muslim is considered to be a protective factor against SLT 
use (Etu et al., 2017). However, this statement is dubious. Unlike alcohol, tobacco 
products are not specifically prohibited or restrained by Islam, but the Koran does prohibit 
intoxicants and addictions. 
 An earlier study of Bangladeshi and Pakistani adults found that there are 
conflicting viewpoints on whether it is religiously acceptable for Muslim men to smoke 
and the degree to which smoking is permitted in Islam (Bush et al., 2003). Many felt it 
was acceptable for someone who is neither addicted nor intoxicated with tobacco 
products to smoke. Perhaps for this reason, Muslim men are more likely to smoke and 
Muslim women are more likely to chew tobacco than Hindu women (Bush et al., 2003). 
A previous study from Bangladesh also found a substantial relationship between religion 
and BQ chewing, with Hindus being more likely to chew BQ with tobacco than other 
religions (Flora et al., 2012). 
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Hinduism is the second-most commonly practised religion in Bangladesh. For many 
Hindu religious followers, betel nuts (one of the key ingredients of BQ, which is used with 
SLT) are viewed as a fruit of divine origin. They are seen as an auspicious ingredient in 
Hinduism and taken along with betel leaf in many religious ceremonies. They are also 
considered as a food for God and offered to God while offering prayers. People believe 
that God blesses the fruit, which is later shared with their admirers with betel leaf and 
SLT as a health aid (Auluck et al., 2009). 
Awareness and misconceptions 
Overall awareness of the adverse effects of SLT use is remarkably poor in South 
Asian countries and is mirrored by the high SLT use rates in this region. Misconception 
and myths are widespread, as many users think SLT has medicinal benefits for treating 
common discomforts, such as toothache, headache and stomachache. These 
misconceptions prompt adults to offer SLT to non-users and even children (Gupta and 
Ray, 2003). Myths and misconceptions related to SLT use is common in Bangladesh and 
widely prevalent in rural areas. A recent study conducted by Shahjahan et al., (2017) 
revealed that Bangladeshi SLT users perceived SLT as less harmful than smoking. Many 
Bangladeshi women use SLT during pregnancy to avoid morning sickness. In rural areas 
of Bangladesh, it is widely believed that SLT use also relieves toothache (Rahman et al., 




2015). Many Bangladeshi women believe that using BQ helps keep their gums and teeth 
healthy, helps them to manage their weight and enhances their mood (Wright et al., 
2013). Low awareness of risk combined with misconceptions about the benefits and 
harmlessness of SLT use contribute to social acceptability and high SLT use in 
Bangladesh. 
 
1.2.3.2 Smokeless tobacco control policies and measures in Bangladesh 
 
 
Bangladesh is a country with a huge burden of tobacco-linked ill health, as a result 
of the country’s large production and consumption of various tobacco products. According 
to Tobacco Atlas, 85,000 metric tonnes of tobacco were produced in Bangladesh in 2014, 
with 31,161 hectares of agricultural land devoted to tobacco cultivation (Tobacco Atlas, 
2018). Hence, the WHO (2015b) recognised Bangladesh as one of the five countries of 
the Bloomberg Initiative to Reduce Tobacco Use. With its long-standing commitment to 
tobacco control initiatives, Bangladesh was the first developing country to sign the WHO 
Framework Convention on Tobacco Control (FCTC) in 2004 (WHO, 2015b). Bangladesh 
enacted its first Tobacco Control Act (TCA) in 2005 and enforced it in 2006 (Nargis et al., 
2014a). However, SLT was not incorporated into the TCA in 2005. 
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According to the TCA of 2005, in Bangladesh, ‘tobacco product means anything 
produced from tobacco which can be inhaled through smoking, and also includes Biri, 
Cigarette, Cheroot, Cigar and mixture used by pipe’  (Alam, 2018, p. 10) However, in 
2013, the Bangladesh government amended the law and included SLT under the 
definition of tobacco. Based on the amendment, ‘tobacco products means any product 
made from tobacco, tobacco leaf or its extract which can be sucked or chewed, or inhaled 
through smoking, and shall include bidi, cigarette, cheroot, gul, jarda, khoinee, sadapata, 
cigar and mixture used in pipe or hukkah’ (Alam, 2018, p. 10). The comprehensive action 
against SLT use was initiated in 2015 when the newly revised law was enforced. 
In their study, Khan et al., (2014) developed a framework for SLT control policy, 
based on the WHO MPOWER strategy, which included (a) awareness-raising campaigns, 
(b) surveillance and information gathering to inform policy, (c) regulating production,
distribution, marketing, and sales, (d) raising taxes and using other fiscal measures and 
(e) providing services to support people who wish to quit. Bangladesh’s key policy
initiatives to deal with the SLT burden were outlined using this framework. These are 
described below. 
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Awareness-raising campaigns 
Although extensive evidence has been used to outline the dangers of tobacco use, 
very few users fully grasp the health risk associated with tobacco use. The general 
attitude to tobacco is that, although it is unsafe, it is merely a bad habit that they indulge. 
As mentioned earlier, in Bangladesh, SLT is deeply rooted in the local culture and rural 
population (Hossain et al., 2016). However, most of this population are unaware that SLT 
use increases their risk of oral pre-cancerous lesions, oral malignancy and heart disease 
(Hossain et al., 2016). Anti-SLT campaigns are limited or non-existent in Bangladesh 
(Khan et al., 2014) even though the government has previously launched a national anti-
tobacco campaign. However, many of these actions were merely devoted to the dangers 
of SLT use.  
Surveillance and information gathering to inform policy 
According to the WHO (2008), an efficient monitoring system would track several 
indicators, such as the prevalence of tobacco use and the impact of policy intervention 
and tobacco industry marketing and promotion. Bangladesh has introduced periodic 
national-level surveys in partnership with the WHO: the GATS, the Global School 
Personnel Survey (2007) and the GYTS. These surveys reveal the prevalence of SLT use, 
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as well as other cessation indicators. However, such data does not entail sufficient 
monitoring of the impact of SLT policy intervention and tobacco industry marketing and 
promotion. The key reason for this is that the TCA 2005 did not include SLT as a tobacco 
product. 
Regulating production, distribution, marketing and sales 
According to a recent report by the Director of Agricultural Expansion of 
Bangladesh, 70,000 hectares of land was used to harvest tobacco during 2012–2013 and 
this increased to 108,000 hectares in the 2013–2014 farming season (Genilo and Sharif, 
2016). According to the new amendment of tobacco control law, a licence is required to 
produce and sell SLT products in Bangladesh. However, the law is only relevant to 
packaged products (Khan et al., 2014). Other locally or homemade products, such as 
loose tobacco (locally known as sadapata), are not covered by the act. The widespread 
availability of homemade SLT products in the rural markets and their low price make SLT 
control strategies ineffective. 
Based on the new TCA 2013, SLT manufactures must write health warnings and 
graphic images that cover at least 50% of the product packaging. However, Siddiqi et al., 
(2016a) identified 43 different SLT products in a local market, and only 53% of them had 
handwritten health warnings, only 41.2% had printed ingredients and only 57% 




mentioned that tobacco was one of the ingredients. The poor implementation of text 
warnings, coupled with the high illiteracy rate in rural areas, are likely to contribute to 
the current poor understanding of the specific risks associated with SLT use (Barkat et 
al., 2012). 
The new TCA 2013 has prohibited the advertising of SLT products. This includes 
the print and electronic media, as well as any other form of advertising, such as point of 
sale or billboards (Huque et al., 2017). The law also means there are fines for violations 
of direct advertising bans, although poor implementation of the law has been reported, 
and point-of-sale advertising is still widely seen, which clearly violates the law (Bhuiyan 
et al., 2015).  
The extended TCA 2013 also prohibited the buying and selling of SLT by minors. 
This complies with the WHO FCTC Article 16 that mentions the banning of SLT sales to 
and by minors. However, buying and selling SLT by minors is still rampant, probably 
because of ignorance and a lack of awareness of the law (Alam, 2018). Hence, a 
comprehensive policy formulation with effective interventions and proper enforcement of 
the law is required to ensure that minors do not possess or sell SLT products.  
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Raising taxes and using other fiscal measures 
The Government of Bangladesh has imposed a variety of taxes on tobacco 
products (cigarettes, bidis, SLT and pipe tobacco), including supplementary duties, duties 
on imported and exported tobacco products and value added tax (VAT) on the retail 
prices of all kind of tobacco products. However, tax on SLT products remains low in 
Bangladesh, compared to tax on smoked tobacco (Huque et al., 2017). According to the 
WHO, the single most cost-effective way to reduce tobacco use would be to significantly 
increase tobacco product prices and taxes, particularly among vulnerable groups (such 
as adolescents) (Nargis et al., 2014a). 
Recently, the Government of Bangladesh increased the excise tax on SLT (Table 
6). Taxes on cigarettes range from 66% to 80% of the retail price; in comparison, taxes 
on the most popular SLT products in Bangladesh, zarda and gul, were raised to 116%. 
Despite the SLT tax rate being a positive step, the real flaw is that the tax base for SLT 
is the ‘ex-factory’ price, which is far less than the retail price. The prices of SLT products 
in Bangladesh have remained low compared to the lowest price of smoking tobacco. On 
average, the price of zarda (the most commonly used SLT product in Bangladesh) per 
gram is less than half of the price per stick of the cheapest brand of cigarette. 
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Table 6: History of tax on smokeless tobacco products in Bangladesh 
(Source: Huque et al., 2017) 
The effectiveness of the higher price and tax strategies to control SLT use has also 
been hindered by the smuggled and counterfeit SLT products in the Bangladeshi market. 
An estimated 12% of SLT products in the Bangladeshi market come from neighbouring 
countries, with 45% being smuggled through land ports and 26% through airports 
(Siddiqi et al., 2016a; Huque et al., 2017).  
 Providing services to support people who wish to quit 
According to the WHO FCTC Article 14, every government should sponsor tobacco 
cessation services and provide support to those who are tobacco-dependent and wish to 
quit using tobacco products (Nilan et al., 2017). However, LICs have far less support for 
tobacco cessation compared with HICs (Siddiqi et al., 2017). Recent results from the 




GATS from Bangladesh showed that over 50% of tobacco users want to quit SLT (WHO, 
2017). Despite the high prevalence of SLT use and its related burden, Bangladesh does 
not offer SLT cessation services in public healthcare facilities.  
 SLT use causes a higher level of dependency and highlights the importance of an 
effective SLT cessation service. Cotinine is a recommended biomarker used to measure 
the dependence of SLT users. A study conducted by Huque et al., (2016) found high 
cotinine concentration levels among Bangladeshi SLT users, indicating a high level of 
addiction. Moreover, SLT users were found to have a higher level of salivary cotinine 
compared to smokers (Patel et al., 2017). The level of nicotine is also reported to be 
higher in SLT compared to smoking and as high as 74mg/g in SLT (Nasrin et al., 2020). 
The nicotine concentration in the tobacco of traditional bidi is 21.2 mg/g, 16.3 mg/g in 
commercial filtered cigarettes and 13.5 mg/g in unfiltered cigarettes (Malson et al., 2001). 
The high level of nicotine causes a high level of addiction and warrants an intensive 
cessation service. 
 The lack of effective SLT cessation interventions is a key issue in public health 
services. A recent study conducted by Siddiqi et al., (2016b) indicated that evidence of 
SLT cessation interventions is limited compared with smoking tobacco and this is further 
complicated by the heterogeneity of SLT products. The provision of some interventions, 
such as nicotine replacement therapy, is extremely low or non-existent in Bangladesh.  
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1.3 Adolescents and smokeless tobacco 
1.3.1 Global prevalence and current trends 
Based on the GYTS data, an estimated 13.4 million or 3.6% of the world’s 
population aged 13–15 years are using SLT products. Similar to adult SLT use, 
adolescents from the SEAR had the highest prevalence of SLT use (7.2%) and accounted 
for 60% of global SLT users aged 13–15 years (Table 7; WHO, 2018a). Nearly 13% of 
adolescent users live in the African region and 12% in the Eastern Mediterranean region 
(Sinha et al., 2018). Except for Europe, every WHO region had at least 1 million 
adolescent SLT users (Table 7) Adolescent SLT use was greater in LMICs and LICs (10.5 
million) than HICs and upper-middle-income countries (UMICs) and accounted for 78.4% 
of global users (WHO, 2018a). 
Regarding gender, more boys (8.8 million) than girls (4.6 million) use SLT, and the 
ratio was just under two boy users for every girl user (WHO, 2018a). The highest SLT 
use rates for both boys (9.4%) and girls (4.8%) were also observed in South-Asia. A 
recent review of the GYTS data from 106 countries, representing 72.5% of the global 
population, showed that the highest rate of SLT use among boys and girls was from 
Micronesia, at 26.4% and 21.7%, respectively (Sinha et al., 2017). In the SEAR, Bhutan 
had the highest SLT use rates for both boys and girls, at 25% and 18.9%, respectively, 
followed by Nepal with 19.7% and 12.9%, respectively (Sinha et al., 2017). 
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Table 7: Smokeless tobacco rates of use and the number of users aged 13–15 years 
among WHO regions and World Bank income groups from 2007 to 2017. 
Average prevalence rate (%) Estimated no of SLT users 
(millions) 
WHO regions 
Boys Girls Both 
sexes 
Boys Girls Both 
sexes 
All 4.6 2.6 3.6 8.8 4.6 13.4 
African 2.2 1.6 1.9 0.8 0.5 1.3 
Americas 3.2 1.6 1.9 0.8 0.4 1.2 
Eastern 
Mediterranean 
4.5 3.1 3.8 0.9 0.6 1.4 
Europe 1.1 3.1 3.8 0.2 0.1 0.3 
South-East Asia 9.4 4.8 7.2 5.4 2.5 7.9 
Western Pacific 2.2 1.4 1.8 0.8 0.5 1.3 
World Bank country income group 
All 4.6 2.6 3.6 8.8 4.6 13.4 
High-income 1.5 0.6 1.0 0.4 0.1 0.5 
Upper middle-
income 
2.7 1.6 2.2 1.5 0.8 2.4 
Lower middle-
income 
7.1 3.8 5.5 6.2 3.1 9.4 
Low-income 3.0 2.1 2.6 0.7 0.5 1.1 
(Source: WHO, 2018a) 
1.3.2 Smokeless tobacco use among adolescents in Bangladesh 
Data related to adolescent SLT use in Bangladesh is limited, as only national 
representative data is available from the GYTS. Based on the recent GYTS report (2013), 
rates for current and ever SLT prevalence among school students aged 13–15 years were 
4.5% and 10.1%, respectively (WHO, 2015). The prevalence of SLT use was higher 
among boys (5.9%) than girls (2.0%). 
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Bangladesh did not observe any significant change in adolescent SLT use between 
2007 and 2013; in 2007, it was 4.9% (5.8% boys vs 4.2% girls; WHO, 2009). A similar 
trend was observed in several South-East Asian countries: no significant change was 
observed in the last 6 years in India (2006–2009), Sri Lanka (2007–2011) or Myanmar 
(2007–2011). However, a significant rise in adolescent SLT use occurred from 2009 to 
2013 in Bhutan (9.4% to 23.2%) and Nepal (6.1% in 2007 to 16.2% in 2011; Figure 2; 
Sinha et al., 2014). 
Figure 2: Smokeless tobacco use in South-East Asian youth (school students aged 13–15 
years). (Source: Sinha et al., 2014). 




1.3.3 Implications of adolescent smokeless tobacco use 
 
1.3.3.1 Risk of transition to smoking 
 
 The consequences of adolescent SLT use are different compared with adults. SLT 
can be a gateway drug that leads to smoking and other substance use. To examine this 
issue, Tomar (2003) conducted a study among a US cohort of 7,900 male adolescents, 
aged 11–19 years. The study’s results showed that participants who were regular SLT 
users at the beginning of the study were three times more likely to be current smokers 
four years later, OR = 3.45, 95% CI [1.84, 6.47]. Overall, over 40% of baseline current 
SLT users became smokers over the four-year period, suggesting that SLT may be a 
starter product for smoking among young US adolescents. 
  Tam et al., (2015) found in their systematic review that 16.6%–25.5% of 
adolescents who are only SLT users eventually switched to exclusive cigarette smoking. 
This issue was further investigated by Severeson et al., (2007), who assessed the risk of 
smoking uptake over a 2-year period in adolescent boys (grades 7 and 9) who had used 
SLT. The study established that the status of SLT use was a significant and robust 
predictor of weekly smoking after 2 years, OR = 2.55, 95% CI [1.45, 4.47], p <.001 
(Severeson et al., 2007). Similar findings were reported in the US Youth Behaviour Survey 
(2011), a national survey that showed adolescents who were SLT users were nearly four 
times more likely to be a smoker, OR = 3.92, 95% CI [2.89, 5.31], p <.0001, and binge 
drinker, OR = 2.50, 95% CI [1.82, 3.45] (Wiener, 2013). 
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1.3.3.2 Biological implications 
Two biological implications of adolescent SLT use are noted in the literature: 
addiction and health consequences. 
Addiction 
When using SLT, an adolescent is exposed to nicotine (NCI and CDC, 2014), a 
highly addictive chemical that leads them to keep using the product (Post et al., 2010). 
Once SLT is consumed by the adolescents, components in SLT, such as fibreglass, cause 
tiny incisions in the oral tissues that allow nicotine to enter the bloodstream. An average 
pinch of SLT can deliver approximately the same amount of nicotine as three cigarettes 
(Hatsukmani et al., 2007). The amount of nicotine in SLT products varies substantially 
among products and countries. 
In developing countries, manufacturers rarely disclose the nicotine content in SLT 
products, but it is highly likely that these SLT products contain high levels of nicotine 
(Ayo-Yusuf et al., 2004). High concentrations of nicotine in SLT products have a calming 
effect and the continued use of SLT leads to nicotine dependency. After extended use, 
adolescents start to develop a tolerance for their current intake of nicotine and begin to 
crave larger amounts. This leads them to increases the portion of SLT or move to a 
stronger brand with a higher concentration of nicotine (Griesler et al., 2016). Eventually, 
the adolescent reaches a stage where nicotine addiction has both physiological and 
psychological effects (Ebbert et al., 2012). 
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 Health consequences 
Regardless of whether they are addicted or not, regular use of SLT can cause 
adolescents to develop the signs and symptoms of oral diseases, such as gum disease, 
oral leukoplakia (white lesions) or dental caries. Several studies have described the 
association between SLT use and the increased risk of oral lesions among adolescents. A 
large US national survey of oral health in school students reported that 1.5% of the 
students had SLT-related oral lesions. These oral lesions were strongly associated with 
the duration of their use, including monthly frequency and daily minutes of snuff and 
chewing tobacco use (Tomar et al., 1997). In another survey of 270 middle school male 
students in the Kingdom of Saudi Arabia (KSA), it was found that nine out of ten students 
had oral lesions related to SLT use (Al-Agili and Park, 2013). 
Oral leukoplakia is a common oral lesion reported among SLT users, including 
adolescents. A study of 1,116 US adolescents showed that oral leukoplakia was present 
in 13% of current SLT users (Creath et al., 1991). Further, the results demonstrated that 
both the dose-response relationship and risk of oral leukoplakia increased with regular 
SLT use, as years of SLT use meant that larger weekly quantities were consumed. The 
development of oral cancer from SLT use is a slow process; it typically takes 20 to 50 
years of use to cause malignant changes in the oral lesions. Therefore, by using SLT at 
an early age, these adolescents are at risk of developing cancers in adulthood. 




 SLT use in adolescence is likely to be associated with an increased risk of dental 
caries. A large longitudinal study of 10,068 adolescents, aged 16–19 years from Sweden, 
showed that SLT is associated with an increased risk of dental caries during adolescence 
(Holmen et al., 2013). However, an earlier study from the US found there was insufficient 
evidence to support any associations between SLT use and gingivitis, periodontitis or 
dental caries (Weintrub and Burt, 1987). In contrast, a recent study from India supported 
the association between SLT use and dental caries in adolescents (Lashkari and Sjukla, 
2016). The level of sugar, sweeteners and other additives contained in SLT products 
varies among the types, brands and regions, and this might explain the different findings 
regarding the incidence of dental caries related to SLT use (Hellquvist et al., 2015).  
 
1.4 The public health burden of smokeless tobacco use  
 
 SLT use is a global public health challenge that affects 140 countries, representing 
93.8% of the total world population. An estimated 348,798 deaths in 127 countries have 
been associated with SLT use (Siddiqi et al., 2020). SLT products are scientifically proven 
to be as addictive as smoked tobacco (Mehrotra, et al., 2019). Over 30 types of high 
concentration carcinogens can be found in SLT, and their use in the oral cavity causes 
oral pre-cancerous lesions, oral cancer, oesophageal, pharyngeal, and pancreatic cancers 
(NCI and CDC, 2014). In 2017, at least 2.5 million DALYs and 90,791 lives were lost 
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across the globe due to oral, pharyngeal and oesophageal cancers that can be attributed 
to SLT use (Siddiqui et al., 2020). Given that the majority of SLT users live in the SEAR, 
85% of the cancer-related burden is from this region (Siddiqui et al., 2015), with the 
highest impact being in India, Bangladesh and Pakistan (NCI and CDC, 2014). 
SLT products are regarded as a cheap alternative to smoking that offer the same 
nicotine kicks and lead to higher nicotine addiction (Rout and Arora, 2014). Compared 
with smoking, SLT products are manufactured, stored and consumed in countless ways, 
and inadequate regulatory frameworks in high-use countries have made SLT control 
particularly difficult (Sinha et al., 2018a). 
When compared with other SLT use regions, the SEAR faces unique issues, 
including products with various components, unregulated market forces and the sale of 
SLT in the informal setting (Sinha et al., 2015). Bangladesh is one of the lower-middle-
income countries (LMICs) in the SEAR with high population density, poverty, a paucity of 
healthcare resources and low levels of health literacy. Bangladesh has been facing severe 
health consequences and the economic burden of tobacco use (Faruque et al., 2019) and 
is now the home of nearly 22 million SLT users (WHO, 2017). The burden of SLT use-
related diseases in Bangladesh is substantial. SLT use is responsible for 404, 460 DALYs 
lost and 16,947 deaths from non-communicable diseases (NCDs), such as cancers and 
heart diseases (Siddiqi et al., 2020). 
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1.4.1 The non-communicable disease burden and smokeless 
tobacco use 
NCDs are one of the major public health challenges in the 21st century (Baker et 
al., 2016). Annually, 16 million deaths are attributable to four major NCDs (cardiovascular 
diseases, cancers, chronic respiratory diseases and diabetes), which account for 82% of 
all NCD-related deaths (WHO, 2018b). It is predicted that by 2025, the global economic 
cost related to these four major NCDs will reach nearly 52 trillion US dollars (Allen et al., 
2017). NCDs disproportionately affect LMICs, as people from LMICs are four times more 
likely to die from NCDs compared with high-income countries (WHO, 2018b). 
Globally, 9.6 million deaths in 2018 were attributable to cancer (IARC, 2018), and 
the burden of cancer incidence is growing and is much higher in LMICs (Fitzmaurice et 
al., 2017). To achieve the Global Monitoring Framework of reducing NCD-related mortality 
by 25% by 2025, it is necessary to further identify the major causes of cancers (Sinha, 
Abdulkader and Gupta, 2016). Oral cancer is highly related to SLT use and is one of the 
top causes of cancer in the SEAR (Sinha et al., 2016). More than half of the oral cancer 
cases in the world occur in Asia and almost 11% of these cases are from the SEAR 
(Cheong et al., 2017). 
Like other developing countries, Bangladesh has been experiencing an 
epidemiological transition from communicable diseases to NCDs (Rahman and Zaman, 
2008). In Bangladesh, NCDs are the primary cause of morbidity and mortality, accounting 
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for 61% of total deaths (Biswas et al., 2017). The four major NCDs mentioned above 
have become a major health problem (Zaman et al., 2016). Several modifiable NCD risk 
factors, such as different forms of tobacco use, are highly prevalent in Bangladesh. With 
the current trend of tobacco use in Bangladesh, it is highly likely the prevalence and 
mortality attributable to NCDs will increase in the future (Bleich et al., 2011). 
Oral cancer is one of the major causes of NCDs and the second-most common 
cancer for both men and women in Bangladesh. In Bangladesh, an estimated 13,401 new 
cases are diagnosed every year and 8,507 people die due to oral cancer, which accounts 
for nearly 9% of all cancer cases and 8% of cancer-related deaths (IARC, 2018). Also, 
SLT is the main form of tobacco used by Bangladeshi women, whereas the dual use of 
SLT and smoking is highly prevalent among men (Zaman et al., 2014). Despite this, there 
is a lack of etiological research on SLT and oral cancer in Bangladesh.  
1.4.2 Research priority for non-communicable disease prevention 
NCD prevention is one of the sustainable development goals (SDGs), which is to 
reduce the premature mortality from NCDs to one-third by 2030 (Bongaarts, 2016). Also, 
the third objective of the WHO’s global NCD action plan 2013–2020 was to create health-
promoting environments that reduce the modifiable risk factors for NCDs and underlying 
social determinants (WHO, 2013a). Although deaths from NCDs mostly occur in 
adulthood, exposure to risk factors, such as SLT use, begins in childhood and then builds 
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up throughout life (Kovacs et al., 2014). Hence, regular monitoring of all forms of 
adolescent tobacco use and determinants are essential in order to plan effective 
interventions that prevent tobacco-related harm. 
Another key concept of preventing NCDs is the generation of study evidence that 
is related to both the causes and risk factors of these deadly diseases (Tripathy, 2018). 
Although it is well known that lifestyle risk factors are linked to the major NCDs, there 
remains a knowledge gap that is preventing effective public health action (Allen et al., 
2017). In many LMICs, the actual population burden of some NCDs is still unknown and 
even if it was known, the causes are not (Ebrahim et al., 2013). There is still a need for 
an accurate assessment of the magnitude of the NCDs in country-specific settings, 
specifically in countries where little research has been conducted on chronic NCDs and 
resources for such research is limited (Sharma, 2017). 
 Surveillance of non-communicable disease risk factors 
The WHO recommends that the surveillance of major risk factors of NCDs, such 
as SLT use, play an imperative role in the prediction of the future burden of NCDs 
(Kabwama et al., 2016). Lifestyle risk factors, such as SLT use, is modifiable. To pave the 
way for a better and healthier life in adulthood and prevent NCDs, the early recognition 
of such risk factors in adolescence is imperative (Dasgupta et al., 2017). Also, most adults 
who develop nicotine dependency start by using SLT in their adolescence. Considerable 
evidence indicates that individuals who use tobacco in adolescence develop nicotine 




dependence in adulthood. The US Surgeon General Report (2012) suggests that a 
younger age of initiation is strongly associated with greater nicotine dependence in both 
young adulthood (18–25 years of age) and older adulthood (26 years of age and older; 
Benjamin, 2012). Hence, monitoring trends in adolescence SLT use can help to refine 
preventive efforts, particularly data about SLT use, initiation, accessibility and availability 
can provide vital information to monitor changes over time and inform enforcement, 
educational and prevention efforts (Lipari and Van, 2017). 
 Adolescent awareness of the modifiable risk factors of NCDs is a necessary 
precursor in the promotion of positive health-related behaviour and a public health priority 
(Kyle et al., 2013). It is crucial that young people understand the risk factors of NCDs, as 
two-thirds of premature deaths in adults are associated with childhood conditions and 
behaviours that were initiated during adolescence (Baker et al., 2016). Significant 
physical, psychological and social development occur during adolescence (Kyle et al., 
2013). Risk-taking behaviour and susceptibility to social influence increase at a time when 
adolescents are becoming more independent through their decision-making and their 
actions (Wardle et al., 2003). The initiation and persistence of risky behaviour affect an 
adolescent’s perception of the risk related to a specific behaviour, as well as their 
understanding of the probable short- and long-term health risks that are linked with such 
behaviour (Larsman et al., 2012). 
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While knowledge is important, it is rarely sufficient to change behaviour. It does 
not take into account the other complex influences on adolescent risk-taking behaviour. 
Knowledge is one of the key personal factors that play a role in the behaviour changes 
of adolescents. Other factors, such as social (interaction with others, including friends, 
family and the community), environmental factors (area of residence, schools, policy, 
technology) also play a vital role. There are several models and theories that enable us 
to understand adolescent behaviour and identify the underlying factors that influence it. 
‘Social cognitive theory’ and ‘Health belief model’ are theories that take into account 
several factors that influence adolescents’ behaviour. Details of their implications 
regarding adolescent SLT use is discussed in Chapter 2 of the literature review section.  
Identification of non-communicable disease risk factors 
Oral cancer is a significant public health burden and the 11th-most common cancer 
in the world (Sankaranarayanan et al., 2015). Globally, oral cancer was responsible for 
an estimated 354,864 incident cases and 177,394 deaths in 2018 (based on the diagnostic 
criteria of the International Classification of Diseases, 10th edition C00-08). It accounts 
for nearly 2% of all cancer incidence cases and 1.9% of cancer-related deaths (Bray et 
al., 2018). Approximately two-thirds of oral cancer cases occur in developing countries 
and the prevalence shows a significant geographical variation of as high as 20-fold 
(Warnakulasuriya, 2008).  
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Oral cancer is a multifactorial disease and its risk factors vary and operate 
differently for different population groups (Gupta and Johnson, 2014). Several 
independent risk factors of oral cancer have been identified. However, substance use, 
such as smoking, SLT use and alcohol consumption are the primary risk factors and 
account for 75%–90% of oral cancer cases (IARC, 2007; Gupta et al., 2012), while a poor 
diet has an additional relevant role (Gupta et al., 2017). Occupational and viral factors 
have also been suggested, but their influence on oral carcinogenesis remains unquantified 
(Rodriguez et al., 2004). 
There is a geographical variation of oral cancer incidence and mortality that is 
associated with variations of lifestyle risk factors within each region. SLT is one of the 
major risk factors of oral cancer in South Asia (Gupta and Ray, 2003). Over 90% of SLT 
users live in the SEAR, equalling 250 million users (Sinha et al., 2012). An estimated 22 
million Bangladeshi adults are currently using different forms of SLT (WHO, 2017). 
Despite the high prevalence of oral cancer cases and SLT use, it is evident there has been 
a conspicuous lack of an epidemiological investigation of oral cancer risk factors. 
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1.5 Problem statement and rationale 
 In 2019, the Bangladesh government announced its vision to become a tobacco-
free country by 2040 (WHO, 2019a). To achieve this ambitious target, the prevention of 
different forms of tobacco use among adolescents is essential. Recent data showed that 
the prevalence of SLT among Bangladeshi adolescents (4.5%) was double that of 
cigarette smoking (2.1%; WHO, 2015). In Bangladesh, SLT consumption by adolescents 
is socially acceptable but smoking is regarded as a negative behaviour (Hussain et al., 
2017). SLT use is incorporated into traditional values, social norms, beliefs, spirituality, 
festivals and many more aspects of Bangladeshi life (Huque et al., 2017). Parents 
encourage their children to use SLT, as it is a social norm (IARC, 2007). Thus, adolescents 
are at a higher risk of becoming regular SLT users in adulthood. Despite this, information 
related to adolescent SLT use in Bangladesh is limited.  
The Global Youth Tobacco Survey (GYTS) reported on SLT prevalence among 
Bangladeshi adolescents. However, this report had several limitations. The core 
questionnaire of the first phase of the GYTS (1999–2008) only focused on the use of 
smoked tobacco and did not cover SLT use. In the second phase of the GYTS (2008 
onwards), the SLT module was included in the questionnaire, which included 17 items 
related to the current pattern of use, access and the availability of SLT products, future 
intention to use them and perceptions about their addictiveness. However, both the 
Bangladesh GYTS 2009 and 2013 only reported on adolescent SLT prevalence, so no 
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other factors were explored in the reports. Moreover, the questionnaire did not include 
any items related to adolescents’ knowledge and awareness of the ill-effects of SLT use. 
To prevent tobacco initiation among adolescents, accessibility and availability 
should be restricted, as ease of access is significantly associated with tobacco initiation 
among adolescents (Goel, Kumar and Singh, 2016). Legal restrictions on minors’ access 
to tobacco could prevent tobacco initiation among this vulnerable group (Gendall et al., 
2014). Bangladesh has recently passed a law banning the sale of tobacco (including SLT) 
to minors in 2013 (WHO, 2013b), which only came into effect in 2015. Periodic 
measurement of adolescents’ compliance with existing tobacco control laws must be 
conducted. The findings of such a measurement will guide and inform policymakers as to 
whether any legal changes of the provision are required or any corrective action is 
needed. Previous studies in Bangladesh primarily focused on adolescent accessibility to 
smoking tobacco, but there remains a paucity of evidence on adolescents’ access to SLT 
in Bangladesh. 
SLT use has a strong cultural backdrop in South-East Asian countries but there is 
scant awareness available regarding its deleterious effects on health (Ebbert et al., 2015). 
Hence, there is a need for actions that will prevent NCD risk factors by arming adolescents 
with adequate knowledge about chronic diseases and their risk factors. Educating school 
students about NCD risk factors have had a significant impact on the prevention of NCDs 
(Harrabi et al., 2010). One study demonstrated that adolescents perceived the health risk 
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of SLT use to be significantly associated with SLT initiation (Roditis et al., 2016). Raising 
awareness about the risk factors of oral cancer, such as SLT use among adolescents, can 
encourage the adoption of protective behaviours that provide the basis for a healthy 
adulthood. This would immensely help the health and education sectors to plan and 
implement a much-needed programme for school-age children (Gamage and 
Jayawardana, 2017). However, once again, there is a lack of data relating to adolescent 
knowledge and perceptions of SLT use and its adverse effects. 
Adolescents are natural partners in preventing NCDs, yet they have been 
overlooked in the fight against NCDs. Approximately 70% of premature deaths in adults 
occur due to behavioural patterns that emerged in adolescence, such as tobacco use 
(Pradhan et al., 2013). Previous studies showed that such risk-taking behaviours 
manifested in mid-adolescence (14–15 years of age; Sharma et al., 2010). SLT use is also 
regarded as a gateway drug, as using SLT in adolescence may lead to smoking and other 
substance misuse (Wiener, 2013; Tam et al., 2015). Therefore, the early identification of 
the determinants of adolescent SLT use is essential to reduce the likelihood of later 
substance misuse. Moreover, an understanding of the determinants of SLT use is also 
necessary to facilitate the interventions and policies that will strive for the eradication of 
adolescent SLT use. 
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Regarding the relationship between SLT use and oral cancer risk among 
Bangladeshi adults, there remain several issues that need to be addressed in the local 
context. Several studies in neighbouring countries, namely India and Pakistan, have 
established the link between SLT and oral cancer. However, studies from Sweden do not 
support the causal relationship of their traditional SLT, called 'Snus', and oral cancer 
(IARC, 2007; Boffeta et al. 2008; Lee and Hamling, 2009). Moreover, previous studies 
from the United States have suggested a much lower risk of oral cancer from SLT use 
compared with smoked tobacco. In particular, West Virginia in the United States had the 
highest prevalence of SLT use, but the incidence of oral cancer in this state was below 
the national average (Bouquot and Meckstroth, 2009). Therefore, the generalisability of 
much of the published research on this issue to another country is problematic. Also, the 
absence of an established relationship between SLT and oral cancer in industrialised 
countries has led to a debate on the benefits of using SLT as a tobacco harm reduction 
method and cheaper alternative to smoking cigarettes (Rodu and Goldshall, 2006). 
SLT products differ considerably in their concentrations of nicotine and volatile and 
non-volatile nitrosamines, including tobacco-specific nitrosamines (TSNAs), toxic metals 
and other compounds (NCI and CDC, 2014). Notably, the level of TSNAs in SLT products 
consumed in different countries varies and can differ by as much as 400-fold (Stanfill et 
al., 2011). Also, the relative risk (RR) of developing oral cancer from SLT use varies 
substantially among products, regions, dosages and the duration of use (IARC, 2007). 
The cancer-producing activity of SLT products also varies significantly due to the method 
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of processing and variations in temperature, fermentation and curing (fuel curing, air 
curing or smoke curing). This further hinders the comparability of the results of various 
studies evaluating the health effects of SLT use (Boffetta et al., 2008). 
Although Bangladesh has one of the highest SLT prevalence rates and the third-
highest oral cancer incidence rate in the world, there is no epidemiological data that is 
related to oral cancer risk factors for this context. Conflicting results between the studies 
from industrialised countries and developing countries suggest there is a need for a new 
investigation that would explore the relationship between SLT use and oral cancer among 
Bangladeshi adults. The variations of chemical components in SLT products across 
different regions have most likely contributed to this discrepancy. The recent chemical 
characterisation of 31 brands of Bangladeshi SLT products from Bangladesh (see table 5, 
p.39 to see the most common type of SLT products used in Bangladesh) revealed that
the chemical characterisation of contained significantly higher (p <.05) levels of TSNAs 
compared with SLT brands from the United States and were higher on average than the 
levels observed in brands in other countries of South Asia (Nasrin et al., 2019). Thus, 
further investigation is necessary to characterise oral cancer with various SLT products 
used in Bangladesh. 
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Bangladesh faces the double burden of SLT use and oral cancer-related deaths. 
To prevent future uptake of this deadly habit, it is essential to examine adolescent SLT 
use and its associated factors and then use this research to inform interventions that seek 
to prevent future uptake of the SLT habit. This study is important as it will add to the 
growing body of literature regarding SLT use by adolescents and assist policy makers and 
other public health professionals to develop efficacious policies and interventions that can 
prevent and reduce SLT use among adolescents. Additionally, to reduce the current 
burden of SLT-related harm, it is essential to generate local evidence of oral cancer that 
is associated with SLT use in Bangladesh. This will inform policy provision, contribute 
towards etiological research on SLT use and oral cancer in Bangladesh, which is currently 
lacking, and address the discrepancy that exists between the research findings from 
developing and developed countries. A detailed framework of the relationship between 
the two studies is provided in Chapter 3, p 166.   
1.6 Aim and objectives 
This PhD aims to examine the factors contributing to adolescent SLT use in 
Bangladesh and the role of SLT in oral carcinogenesis among Bangladeshi adults. Thus, 
the study findings will inform interventions and policy in order to reduce the current and 
future burden of SLT-related harm in Bangladesh. 
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Two studies were carried out to achieve this aim, as described below. 
A school-based cross-sectional study was conducted in two rural schools in Bangladesh 
with the following objectives: 
• To investigate current practice and the pattern of SLT use among adolescents
aged 13–15 years.
• To determine their knowledge and perception of the adverse effects of SLT use.
• To determine the predictors of current SLT use among adolescents aged 13–15
from rural schools in Bangladesh.
• 
A hospital-based case-control study was carried out according to the following objectives: 
• To assess the risk of oral cancer associated with SLT use in a sample of
Bangladeshi adults.
• To estimate the number of oral cancer cases attributed to SLT use in Bangladesh
from the odds ratio derived from both the case-control study and national
prevalence of SLT use.
• To evaluate the role of other known (i.e. smoking and alcohol consumption) or
putative (oral health indicators, family history of cancer) risk factors for oral cancer
in the study population.
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1.7 Thesis structure 
The overall structure of the thesis takes the form of five chapters. Chapter 1 
contextualises the research by providing background information on the SLT pandemic 
and its associated burden, establishes the problem statements and presents the research 
gaps. Chapter 2 is divided into two sections. The first section provides a review of studies 
on adolescent SLT use and its related factors, then lays out the theoretical dimensions of 
the school survey and outlines how these concepts support the objectives outlined above. 
The second part focuses on the studies of oral cancer epidemiology and risk factors, as 
well as their possible relationship with SLT use, followed by a theoretical overview of oral 
cancer risk factors. Chapter 3 presents the methods that guided the research and 
analyses. Chapter 4 draws together the research findings, which are described according 
to the research objectives that guided this study. Chapter 5 provides a brief summary 
and critique of the findings in relation to the existing research, presents the strengths 
and limitations of the methods used to achieve the research objectives, discusses the 
implications and recommendations of the findings for public health policy, practice and 
future research and offers an overall conclusion of the research. 
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Chapter II:  Literature review 
The overall aim of this literature review is to provide a comprehensive background 
for understanding current knowledge related to adolescent SLT use. and oral cancer risk 
factors among adults and highlighting the significance of new research. Therefore, a 
narrative literature review approach was adopted to summarize what has been previously 
published in the related field in order to identify gaps of research and knowledge. 
According to Green, Johnson and Adams, (2006) narrative reviews can inspire research 
ideas by identifying gaps or inconsistencies in a body of knowledge, thus helping 
researchers to determine research questions or formulate hypotheses.  
 Another literature review approach that could be considered for use is systematic 
review. According to Moher et al., (2009) "A systematic review is a review of a clearly 
formulated question that uses systematic and explicit methods to identify, select, and 
critically appraise relevant research, and to collect and analyse data from the studies that 
are included in the review. Statistical methods (meta-analysis) may or may not be used 
to analyse and summarize the results of the included studies." Some of the key strengths 
of systematic review are – focused on a unique enquiry, transparency in retrieving articles 
for literature review, objective and quantitative, summary, and inferences based on 
evidence (Collins and Fauser, 2005). However, the applicability of systematic review 
regarding health behaviour maintenance is limited with regard to reporting, methodology 
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and thematic coverage (Loef and Walach, 2015). In contrast to systematic review, 
narrative review can address one or more research question and the selection criteria for 
inclusion of the articles may not be specified explicitly. Subjectivity in study selection is 
the main weakness ascribed to narrative review that potentially leads to biases (Yuan and 
Hunt, 2009). Additionally, doing two separate systematic reviews for two separate 
research questions would be challenging as present study used two separate research 
methods to address the research questions. However, to improve the quality and rigour 
of this narrative review, techniques used in article selection and bibliographic search 
strategy in systematic reviews were adopted.  
To better understand what has previously been investigated, and to set the stage 
for the present study, the literature review chapter is arranged in two separate sections: 
(1) a review of the factors related to adolescent SLT use and  the theoretical overview of
adolescent SLT use; and (2) a review of the literatures on oral cancer epidemiology, 
aetiology of oral cancer, biochemical and epidemiological evidences of SLT use and oral 
carcinogenicity, and lastly theoretical overview of oral cancer risk factors.  




2.1 A review of the factors associated with adolescent 
smokeless tobacco use 
 
2.1.1 Introduction  
 
 The development of adolescent SLT use is a dynamic process that starts from an 
early trial and moves to repetitive use, becoming a regular user and lastly tobacco 
dependency. Understanding the key factors that either prohibit this progress along with 
continued use is critical to prevent SLT use. Not every adolescent that tries tobacco 
products at an early age becomes regular users. Perhaps different factors play a critical 
role in different points in the life course. For instance, early use of tobacco products is 
likely to be influenced by social and environmental factors, whereas interpersonal factors 
contribute to the continuation of tobacco use and tobacco dependence in later life stages 
(Bellatorre et al., 2016; Hussain et al., 2017). However, the relationship of these factors 
with adolescent SLT use is not yet fully understood (Smith et al., 2015). 
 The next sub-sections include search strategy and article selection process, critical 
review of the selected articles and conclusion about the overall findings of the review.  
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2.1.2 Search strategy and article selection 
An electronic search was carried out in PubMed, ProQuest and Google scholar data 
bases in 2018. Searches utilised MeSH (Medical Subject Headings) terms and 
combinations of the following words and their appropriate iterations: adolescent. young, 
school student, smokeless tobacco, chewing tobacco, betel quid, tobacco, factors, 
predictors, knowledge, awareness and perception.  
The author was independently involved in article searching, screening and 
selection process. Main titles were read to identify potential articles related to the topic. 
Initially all the articles that appeared to present SLT/chewing tobacco to participants of 
adolescent, young and school students were included. later abstracts were reviewed, and 
articles related to adolescent SLT use and related factors were retained and those did not 
match the inclusion criteria were excluded. The author had also scanned the eligible 
articles reference list to identify the additional articles. The final included articles were 
cross-checked by the PhD supervisors.  
2.1.2.1 Study inclusion criteria 
• Cross-sectional study design
• Reviews considered school-going adolescents.
• Studies which reported the SLT prevalence and at least one associated factor
were included in the review.




• Only studies published in English were included. 
• No year limits. 
2.1.2.2 Study exclusion criteria 
 
• Studies conducted other than school adolescents. 
• Studies published in other language. 
• Studies that solely focused on other forms of tobacco rather than SLT.   
• Editorial comments, conference proceeding, and qualitative studies were 
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Remined articles after duplicates 
removed 
(n=141) 
Articles removed after titles and 
abstracts were scanned 
(n=103) 
Articles remaining after tittles and 
abstracts scanned 
(n=38) 
Articles removed after reading the full text 
(n=23) 
Reason for removal include non-
adolescent study participants, no 
distinction between SLT and smoked 
tobacco, other than cross- sectional study, 
focused only on smoked 
Articles included in the review 
(n=15) 
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2.1.3 Review of the articles 
2.1.3.1 Socio-demographic factors 
The included studies explored the association between the independent variables 
(socio-demographic factors namely age, gender, parenteral socio-economic status (SES), 
race and ethnicity, and area of residence (urban/rural)) with SLT use (dependent 
variable).  
Age 
Age was consistently associated with both SLT initiation and continuation. Most 
SLT users began the habit in adolescence and the prevalence increases with age. A study 
based on the US National Youth Tobacco Survey data- 2011 (18 866 students from 178 
middle and high schools) revealed that the prevalence of current SLT use increased with 
age and was lowest among respondents aged 9 to 11 years (2.2%) and highest among 
those aged 18 years (10.8%; Agaku et al., 2013). Similar proposition was made by 
Hawkins, Bach and Baum (2018). The study was based on the data on 499,381 
adolescents age 14-18 years from 36 US states in the Youth Risk Behaviour Surveys 
(1999-2013). The study findings showed that tobacco use increased with age, as the 
odds of SLT use nearly doubled from ages 14 to 18 years. 





 Not all studies reported similar findings. Contrary findings were reported in a 
previous study based on GYTS data from Congo. The survey result showed that younger 
respondents had higher rates of SLT use, with almost one-third of adolescents started 
using SLT before the age of 11 years (33.0%) compared with 12.8% at 16 years.  Older 
age showed inverse association with adolescent SLT use and was statistically significant. 
However, the association lost its significance after considering other variables (Rudatsikira 
et al., 2010). 
 Most studies found that the age of onset for adolescent SLT use was between 10 
and 13 years (Rudatisikira et al., 2010; Agaku et al., 2013; Kumar et al., 2014; Veeranki 
et al., 2015; Chatterjee et al., 2016; Hussain et al., 2017). However, no research has 
been conducted to examine the age pattern of adolescent SLT use in Bangladesh. A 
recent GYTS survey report showed that more than half (56.4%) of Bangladeshi 
adolescents started using tobacco at the age of 12–13 years, but this evidence is not 
exclusive to SLT use, as it included both SLT and smoked tobacco (WHO, 2015). 
Gender 
 
 Historically the prevalence of SLT was higher among boys than girls. However, this 
trend differs geographically. Most studies from the US found that boys are more likely to 
use SLT than girls (Agaku et al., 2013; Wiener, 2013). A similar trend was observed in 
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South-Asia. A recent study conducted in Bhutan, found that boys were three times more 
likely to be current SLT users than girls (Rinchen et al., 2018). Studies from India, Nepal 
and Pakistan reached similar conclusions (Bhaskar et al., 2016; Chatterjee et al., 2016; 
Hussain et al., 2017).  
In contrast, studies from the African region showed a mixed result. Contrary to 
South-Asia, the study from South Africa found that female adolescents were 
predominantly SLT users and males were predominantly cigarette smokers (Ranatao and 
Olalekan, 2012). Additionally, studies based on GYTS data for Sudan and Congo did not 
find any significant gender difference in adolescent SLT use (Rudatsikira et al., 2010; 
Atari, 2014). 
In Bangladesh, women are the dominant users of SLT products than men. 
However, in case of adolescent, it followed the opposite trend, as the recent GYTS report 
showed that 5.9% of Bangladeshi boys were current SLT users compared to only 2% of 
girls (WHO, 2015).  
 Socio-economic status 
Past studies have suggested that lower SES (Socio-economic status) is associated 
with increased tobacco use among adults. However, the association between SES and 
adolescent SLT use differs from what we find in adults (Lauterstein et al., 2014; Wilkinson 
et al., 2015). One of the key reasons for this difference would be the construct of SES 




itself, as SES is conceptualised and measured differently for adults and adolescents. 
Conventionally, SES status of the adolescent is measured using two main factors- 
education and occupation of the parents, which capture the structural position of the 
adolescents in the socio-economic hierarchy (Viner et al., 2012).  
 Higher levels of parental socioeconomic variables, such as education has often 
been found to be inversely related to SLT status in adolescents—for example, in a large 
longitudinal study, Patricia et al., (2016) investigated current SLT use among adolescents 
and its relationship with parenteral education. The findings indicated that adolescents 
with at least one parent who completed high school were less likely to be current SLT 
users compared with those with both parents who had not completed high school. 
However, some studies suggested father’s education status is one of the key predictors. 
A school survey among Ghanaian adolescents found that adolescents whose father had 
low education were two times more likely to be SLT users compared to those whose 
father had tertiary education, OR = 2.3, 95% CI [1.0, 5.0], but use was not affected by 
the mother’s education level (Doku et al., 2010).  
 In contrast, Ranatao and Ayo-Yusuf (2012) found that a mother’s educational 
attainment was a strong predictor of adolescent SLT use. These mixed results are found 
throughout the literature. A large cohort study with 1,352 Mexican adolescents reported 
the opposite: adolescents whose parents had higher educational attainment were two 
times more likely to be current SLT users compared to those whose parents had lower 
65 | P a g e
educational attainment (Wilkinson et al., 2015). Additionally, a recent review based on 
US national surveys exhibited that adolescent SLT use did not appear to be correlated 
with the level of parental education (Lauterstein et al., 2014). Given these mixed results 
concerning the relationship between parenteral education and adolescent SLT use, 
further investigation is needed.  
Race and ethnicity 
It might be conceptualised that the degree to which individual’s from various ethnic 
backgrounds identify would be related to the adoption of certain health behaviour 
including tobacco use. Several studies had identified multiple pathways through which 
race and ethnicity may influence adolescent tobacco use (Lee et al., 2015; Choi et al., 
2018; Park et al., 2018). An extensive national-level survey among students in grade six 
to 12 in the United States showed that white adolescents used chewing tobacco more 
frequently, whereas cigarette smoking was more common among African American 
adolescents and e-cigarettes and hookah among Hispanic adolescents (Choi et al., 2018). 
Similar conclusion was made by Park et al., (2018) and Lee et al., (2015), they found 
that African American and Hispanics are less likely to use SLT compared with non-Hispanic 
Whites. 




 It is possible that a strong ethnic identity plays a key role in adolescent tobacco 
use behaviour. For instance, earlier studies found that a strong ethnic identity was 
associated with a lower risk of tobacco use among adolescents in several ethnic or racial 
minority group, including African Americans and Hispanics (Brook et al., 2007). However, 
the mechanism behind this association is still unclear and complicated, as major 
predictors of adolescent tobacco use, such as low SES, unemployment and low level of 
education, are more prevalent among Black minorities. 
 
 Place of residence 
 
 
 Several studies have examined the effect of geographical differences in adolescent 
tobacco use. In general, past studies exploring rural and urban differences in adolescent 
SLT use behaviours consistently argued that greater SLT use was seen among rural 
adolescents. A cross-sectional study of 4332 adolescents in 8th to 10th grades in 25 urban 
and 24 rural secondary schools in Enugu, Nigeria found that higher SLT use among rural 
adolescents (31.1%) vs those living in urban areas (22.7%). Moreover, dual use of 
smoked tobacco and SLT was more than double in rural areas (3.1%) compared to urban 
areas (1.4%; Itanyi et al., 2018). 
 Studies from indistrial countries also found a similar difference in adolescent SLT 
use. A recent study based on national youth survey data from the United States found 
that adolescent SLT use in rural areas was 6.98% compared to only 2.98% in urban areas 
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(Pesko, et al., 2017). Similarly, Warren, Smalley and Barefoot (2017) argued that rural 
adolescents are two times more likely to be current SLT users compared to their urban 
peers. The characteristics of rural areas such as lower-income, lower educational 
attainment and easy access to SLT products have been identified as potential contributors 
to these disparities. However, it is unclear what percentage of this difference can be 
explained by these factors (Pesko et al., 2017). Another explanation of this difference 
between rural and urban areas could be because of a higher proportion of older 
adolescents living in rural areas compared to urban areas (Itanyi et al., 2018). 
As mentioned, data associated with adolescent SLT use in Bangladesh is limited. 
However, studies among Bangladeshi adults showed that SLT use is more prevalent in 
rural areas of Bangladesh compared to urban areas (Nargis et al., 2015; Huque et al., 
2017). A study to establish adolescent SLT use disparities in rural and urban areas is yet 
to come. Nevertheless, given the socio-economic condition of the country and evidence 
from other developing countries, it is expected that the disparities of adolescent SLT use 
based on area of residence is expected to be substantial. 




2.1.3.2 Environmental factors 
 
 Several environmental factors that have the potential to influence initiation and 
maintenance of SLT use by adolescents have been focus of many investigations and early 
studies demonstrated the key role of environmental factors. Two of the key environmental 
factors that were stdued extensively were: access and availability of SLT products and 
tobacco advertisement. However, interpretation of these study findings were challenging 
because of inconsistencies in the dependent variable (SLT use status, SLT initiation, and 
attitude), the different combinations of independent variables and the variety of analytical 
approaches that has been used.  
 
Access and availability 
 
 Many studies have investigated the relationship between the access and availability 
of tobacco and adolescent smoking. However, few studies have investigated the access 
and availability of SLT and their effect on adolescent SLT use. According to Williams et 
al., (2018), Adolescents’ access to tobacco products can be categorised into two main 
sources: formal (commercial retailers) and informal sources (social sources). Social 
sources include family members, friends and relatives.  
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A cross-sectional study of 172 adolescents from grade eight, nine and ten in India 
revealed that the availability, accessibility and affordability of tobacco products are key 
contributors to the level of adolescent tobacco use. They found over 90% adolescent was 
not refused to purchase tobacco products because of their age (Patel, Kassim and 
Croucher, 2012). However, this information was not exclusive to SLT access rather 
included both smoking and SLT.  
Poor implementation of Tobacco Control Law (TCA) resulted easy access of SLT to 
the adolescents. A large cross-sectional survey among 1,373 high school students and 
436 tobacco vendors in India showed that point of sale tobacco control policies 
compliance was low but when it was applied, it was associated with a lower risk of current 
SLT use, OR = 0.40, 95% CI [0.21, 0.77] (Mistry et al., 2018).  
The availability of SLT products near schools also increased the risk of adolescent 
SLT use. A survey among 1,918 students from grades seven, eight and nine showed that 
the ability to buy tobacco products within 100 yards of the school was associated with an 
11-fold increase in tobacco use among adolescents (Chatterjee et al., 2016). Hussain et
al., (2017) made a similar point in their recent survey among school students in Karachi, 
Pakistan. They found that the availability of SLT at the school canteen and outside the 
school with street hawkers played a substantial role in adolescent SLT use. Adolescents 
were nearly four times more likely to be current users if SLT was available in or outside 
the school with street hawkers, OR = 3.65, 95% CI [2.8, 4.73] (Hussain et al., 2017). 




 Similar to commercial sources, social sources also play a significant role in 
adolescent SLT use. In early adolescence, informal or social sources have the greatest 
impact, whereas in late adolescence, formal or commercial sources and friends are the 
primary sources of tobacco for adolescents (Warren et al., 2015). A large school survey 
among 2000 middle and high school students from the US found that nearly 68% of the 
study participants obtained SLT from social sources, whereas 26.2% bought it from 
commercial sources (Kaestle,2009).  Another study from Finland drew a similar 
conclusion, as 84% of the study participants acquired SLT from friends or acquaintances 
(Huhtala et al., 2006). 
 Poor implementation and inefficiency of current tobacco control laws in certain 
countries are making SLT easily accessible to adolescents. As mentioned, Bangladesh has 
recently addressed this issue. In 2013, Bangladesh amended its tobacco control law and 
banned the sale of any form of tobacco product to and by minors (WHO, 2013b). 
However, the effectiveness of this new law amendment has yet to be assessed.  
Tobacco advertisements 
 
 Several studies have established the role of tobacco advertisement and adolescent 
SLT use. The evidences are consistent and robust that advertising and promotional 
activities of the tobacco companies lead to adolescent SLT use, including initiation as well 
as the continuation of use. Advertisements in mass media are powerful tool and can 
influence behavioural change through creating a positive image in one’s mind. The 
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influence on behaviour by media is created in two ways: frequency of exposure and 
content of the exposure (Sardana et al., 2015).  
A longitudinal survey among 3,376 US adolescents found that adolescents who 
can identify a SLT brand were two to three times more likely to use SLT and use on 20 
or more occasions compared to those who did not identify any SLT brand (Timberlake, 
2016). An extensive population-based study in the United States, also known as the PATH 
study (Population Assessment of Tobacco and Health study), included 10,989 study 
participants. The findings showed that the receptivity of tobacco advertising among 
adolescents aged 12–14 years was 44% and receptivity to the SLT product advertising 
was associated with progression to current SLT use among those who have never used 
SLT (Pierce et al., 2018). 
Further study among US adolescents found that students were three times more 
likely to use SLT if they were exposed to pro-tobacco advertisements at retail stores and 
on the internet, OR = 1.6, 95% CI [1.24, 2.09], compared with those who did not (Agaku 
et al., 2014). A broadly similar point was made by Rudatsikira et al., (2010) in their study 
based on GYTS 2006 data from India. The results indicated that adolescents who reported 
seeing tobacco advertisements on print and digital media were nearly two times more 
likely to be current SLT users compared to who did not, OR = 1.95, 95% CI [1.34, 3.08]. 
In Bangladesh, the advertising of SLT products is banned in both print and electronic 




media (Huque et al., 2017). However, the usefulness of the current law is yet to be 
confirmed. 
 
2.1.3.3 Social factors 
 
 Social factors like, SLT products used by either of the parents and friends are the 
common and significant contributors towards adolescent SLT use. Previous studies had 




 The impact of parental SLT use has been studied in a wide range of contexts in a 
large number of studies with a range of outcomes. To date several studies found that 
exposure to parental SLT use is predictive of onset and continuation of SLT use by 
adolescents.  
 A survey among US adolescents showed that adolescents whose parents were SLT 
users were three times more likely to be current SLT users compared to those with non-
user parents, OR = 3.32, 95% CI [2.23, 4.95] (Agaku et al., 2013). A similar conclusion 
was made by Hussain et al., (2017) in their survey among 2,140 adolescents from 
secondary schools in Karachi, Pakistan. Their findings showed that adolescents who had 
one parent as a current SLT user were two times more likely to use SLT as well, OR = 
2.16, 95% CI [1.73, 2.65] and for both parents using SLT, OR = 2.50, 95% CI [1.44, 
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4.34]. Similarly, a large cross-sectional study among 4,277 Sudanese students (aged 11–
17 years) found that Parental SLT use was directly associated with adolescents' ever (OR 
1.77, 95% CI 1.30 to 2.41) and current (OR 1.84, 95% CI 1.17 to 2.90) SLT use (El-Amin 
et al., 2011).  
A large survey among 2232 Swedish adolescents from the fifth grade looked at 
whether gender of the parents has any influences on adolescent SLT use. The study 
findings showed that paternal use of SLT was associated with an increased risk of SLT 
use among Swedish boys. However, the risk was higher if mother is a SLT user than 
father. Adolescents were four times more likely to use SLT if mother uses the SLT and 
three times more likely to use SLT products if father uses SLT (Rosendahl, et al., 2003). 
The overwhelming evidence of the positive association between parental and 
adolescent SLT use is based on several factors. First, adolescents may see their parents 
as their role models and try to imitate their habits, a concept supported by the theory of 
planned behaviour (Alves et al., 2017). Other authors suggested a permissive family 
atmosphere, dysfunctional family, stressors and shared personality traits may better 
explain adolescent tobacco use (Pattanayak et al., 2011). Further, experts have 
suggested adolescents have easy access to SLT when a parent also uses, which is seen 
as socially acceptable in some cultures and plays a critical role in early use Irrespective 
of the motive of this association, study findings are consistent about the positive 
relationship between adolescent SLT use and parental use of SLT. 




 Peer pressure 
 
 Peer pressure is one of the strongest predictors of adolescent SLT initiation, 
continuation and quitting behaviour  and has been studied extensively (El-Amin et al., 
2011; Agaku et al., 2013; Shrivastava et al., 2015; Malhotra et al., 2016; Sharma et al., 
2017; Hussain et al., 2017). The mechanism of peer influence is most often postulated in 
social learnings (Bandura, 1995), whereby adolescents learn about tobacco use by 
observing their friends use tobacco products and are reinforced by perceiving the 
advantages. For example, adolescents assume using tobacco will help them gain 
acceptance from peers or establish a positive social identity. 
 Another mechanism is the direct pressure from peers to use tobacco. A recent 
cross-sectional study among 2,140 adolescents from secondary schools in Karachi, 
Pakistan found that the current use of SLT by adolescents was significantly associated 
with peer SLT use (Hussain et al., 2017). The findings indicated that adolescents whose 
friends used SLT were six times more likely to be current SLT users compared to those 
with non-user friends and the association remained significant after adjusting for parental 
use, teacher SLT use status and other individual and environmental factors, OR = 6.79, 
95% CI [4.67, 9.87] (Hussain et al., 2017).  
 Previous study result showed as peer influence as the frequent reason for SLT 
initiation. A cross-sectional survey among 1006 school students from India found that 
76% students initiated SLT because of peer influence whereas only 14% students 
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initiated SLT because of self-interest (Shrivastava et al., 2015). This influence seemed to 
be higher when adolescents resides in the same setting. A cross-sectional study among 
378 Bhutanese adolescents found that the current prevalence of tobacco use was 36.7% 
among adolescents with friends using tobacco products compared to 13.5% those 
without a friend using tobacco products, OR = 3.71, 95% CI [1.66, 8.28] and interestingly 
80% of the student participants resides in the school hostel and the likelihood of getting 
influenced by their peers was more than that of their parents or siblings (Rinchen, 
Taneepanichskul and Dawa, 2018). 
Using SLT products by the peers had shown significant influence on adolescent 
SLT use. However, other form of tobacco use such as cigarette smoking by peers is not 
associated with current SLT use by adolescent. The US study based on data from the 
2011 National Youth Tobacco Survey data found that, adolescents are nine times more 
likely to use SLT if their peer also uses SLT (aOR: 9.56; 95% CI: 7.14–12.80). However, 
cigarette smoking by either peers or household members was not significantly associated 
with current SLT use (Agaku et al., 2013). Contrasting, a survey among 4277 Sudanese 
school-going adolescents (aged 11–17 years) from 23 schools found that tobacco 
smoking in friends was positively associated with adolescents ever SLT use (local SLT 
product) (OR 1.81, 95% CI 1.41 to 2.33) and current dipping (OR 3.33, 95% CI 2.20 to 
5.05). However, the study failed to measure the effects of peer’s SLT use (only smoking 
was measured) on adolescent SLT use (El-Amin et al., 2011). Similiarly, previous study 
from Congo reported that friends smoking status is a strong predictor of adolescent SLT 
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use. Adolescents were two times more likely to use SLT if they have friends who smokes 
(Rudatsikira, Muula and Siziya, 2010).  
As discussed above, there is a paucity of data related to adolescent SLT use in 
Bangladesh. However, GYTS (2007) data indicated that a friend’s tobacco use was 
associated with a three-fold increased risk of adolescent tobacco use, OR = 3.46, 95% 
CI [2.37, 5.05] (Kabir et al., 2015). However, this information is not exclusive to SLT use. 
2.1.3.4 Personal factor (knowledge and awareness) 
Knowledge about the consequences of tobacco use is viewed as a moderator of 
adolescents’ decisions to use tobacco (Rosendahl et al., 2005). Knowledge and awareness 
of the health effects of tobacco use are expected to change the attitude and expectation 
towards the substance use and become a part of a distal determinants of tobacco use 
(Conrad et al., 1992; Flay et al., 1999).  
There is a great deal of controversy whether knowledge is a good predictor of 
adolescent tobacco use.  Also, there is a paucity of data related to adolescent knowledge 
and perception of SLT use-related health risks. Of the studies available, most either 
focused on the knowledge and perception of smoking tobacco or mixed-use and rarely 
on adolescent knowledge and perception of SLT use and its related harms. Careful 
understanding of adolescent knowledge and beliefs about SLT use is essential for 
effective prevention efforts. 
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Studies have indicated that most adolescents know SLT use is bad for their health. 
A cross-sectional survey among 1,514 Nepalese adolescents found that students who did 
not know the harmful effects of tobacco were three times more likely to be ever tobacco 
users compared to those had a good knowledge, OR = 3.37, 95% CI [2.53, 4.50] 
(Bhaskar et al., 2016). However, this information is not exclusive to SLT use rather 
focused on overall tobacco use. Similar finding was reported by Singh et al., (2015) and 
Goyal, (2016) and both studies looked at overall tobacco use rather than SLT use.  
 A large cross-sectional study among two thousand school children aged between 
10 and 15 years from India looked at exclusively adolescent SLT use. The study found 
that over 70% of children believed that Ghutka (commonly use SLT in India) is a bad 
habit, but half the study population were not aware of the side effects; 30% of children 
believed that it is not a bad habit and has no side effects (Metgud et al., 2018). However, 
in this study only one item was considered to measure student’s knowledge related to 
Ghutka use. Also, no analysis was conducted to see how knowledge was associated with 
the Ghutka use.  
Previous studies reported that adolescent had adequate knowledge related to 
harmful effects of SLT use. However, A number of studies reported misconception about 
the relative harm of SLT compared to smoked tobacco is widespread. A study among 252 
US rural adolescents aged 12–17 years reported that the use of SLT has strong cultural 
significance and is perceived as a safer alternative to cigarettes (Walker et al., 2018). The 
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extensive campaign against smoking and little attention regarding SLT use may have 
contributed to the favourable perception towards SLT use. In another study based on 
data from the US Youth Tobacco Survey among grade 6 to 12 students argued that over 
20% of adolescents thought SLT was less harmful compared to cigarettes (Randolph, 
2017). This view is supported by Persoskie et al., (2017), who found that nearly 30% of 
adolescent believe that SLT is less harmful than cigarettes.  
Several studies questioned the predictability of knowledge relates to adolescent 
tobacco use. Early study from the US found that the belief that using SLT can cause 
cancer was held by nearly (97%) adolescents in the study. However, this belief had no 
significant effect on the likelihood of trying or regularly using SLT (Tomar, Gary and 
Giovani, 1998). Similarly, a cross-sectional study among 2581 Swedish adolescents found 
that a high level of knowledge of the risks associated with SLT use is not a predictor of 
future nonuse or of a shift to SLT rather than cigarettes (Rosendhal et al., 2005). Also, a 
cross-sectional study from the United States. Horn et al., (2000) argued that a lack of 
knowledge about tobacco was not a significant predictor among exclusive smokers or SLT 
users but was a significant predictor among conjoint users, OR = 1.39 (Horn et al., 2000). 
Yet, it is well documented that differences exist in knowledge and attitudes regarding SLT 
between users and non-users (Goebel et al., 2000; Rose, Chadha and Bhutia, 2016).




Table 8: Summary of past studies related to factors associated with adolescent smokeless tobacco use 





Factors associated with SLT 
use 
 
OR (95% CI) 








Cigarette smoking 6.64 (4.84-9.14) 
Parents smokers 1.98 (1.51-2.59) 
Friends smokers  1.82 (1.41-2.69) 
Seen tobacco ad on TV, billboards  1.95 (1.34-3.08) 
belief that tobacco use is harmful  0.60 (0.46-0.78) 




5% (current) Male students  2.5 (1.0-6.1) 
Use any form of tobacco have more 
friends 
2.8 (1.4-5.6) 
Availability of tobacco product 





Bhutan 378 (178/200) 11.10% 
(current) 
Male  3.22 (1.76-5.91) 
Tobacco use by siblings 3.88 (1.06-14.19) 
Tobacco use by friends 3.71 (1.66–8.28) 
Ever having tried alcohol 8.28 (4.41–15.56) 




5.7% (ever) being male 1.86 (1.02-3.41) 
social status 0.78 (0.64-0.93) 
higher parental education 2.01 (1.03-3.93) 
Veeranki et al., (2015) Madagascar  1,184 
(535/649) 
7% (Current) Smoking peers (male) 7.36 (2.20 -24.66) 
Exposure to second-hand smoking 
at home (female) 
12.40 (3.92-39.23) 
 







Male students  3.2 (1.4–5.2) 
Janajati ethnicity 5.41 (2.98–7.63) 
Family member using tobacco 20.16 (1.93–210.3) 
Friends using tobacco  3.78 (1.93–17.85) 
Knowledge about harmful effect of 
tobacco use (no knowledge) 
6.17 (0.44–84.92) 
Continued 
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of SLT (%) 
Factors associated with SLT 
use 
OR (95%CI) 




Male 1.38 (1.05–1.83) 
Government school 2.06 (1.49–2.85) 
Weekly pocket money 1.51 (1.03–2.22) 
Co-education school 2.88 (1.89–4.40) 
Boys school 2.00 (1.27–3.14) 
Peers use (most of the peers) 3.02 (2.23–4.09) 
Parents (any of them use it) 1.52 (1.19–1.94) 
 if closest friend offers it 4.47 (3.10–6.44) 
SLT available outside the school 3.65 (2.82–4.73) 






Perception of all tobacco products 0.55 (0.38–0.79) 
Peer use 9.56 (7.14–12.80) 
Households SLT use 3.32 (2.23–4.95) 
Smith et al., (2014) United 
States 
938 (452/486) 9% (ever) Female 0.26 (0.14-0.47) 
Government school 3.83 (1.31-11.15) 
Peer approval scale 1.14 (1.08-1.20) 




Parents SLT use 2.21 (1.47-3.34) 
Friends smoking 3.48 (2.36-5.14) 
Teachers SLT use 1.21 (0.81-1.81) 
Lund and Scheffels 
(2016) 





Male (for dual use) 1.44 (0.77-2.70) 
Social orientation (for dual) 1.11 (0.77-1.59) 
Legal risk 1.93 (1.38–2.70) 
Last month alcohol drinking 1.06 (1.00–1.13) 
Hawkins et al., (2018) United 
states 
499,381 Ranged from 
2.8% -14.8% 
Male 6.91 (6.49-7.36) 
Government school 6.3 (3.2-12.6) 
Rozi and Akther 
(2007) 
Pakistan 733 males 16.1% 
(current) 
Cigarettes smoking 3.2 (1.9-5.4) 
Seen anti-tobacco advertise (no) 1.5 (1.0-2.4) 
Family history of SLT use 3.9 (2.2-6.8) 
(Table included only studies that reported odds ratio)
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2.1.4 Discussions of theoretical overview of adolescent smokeless 
tobacco use 
 
  Formative biological and social transitions occur during adolescence and extensive 
efforts have been made to understand the factors that impact different types of tobacco 
use during this critical time of development (Hahn et al., 1990; Abroms et al., 2005; 
Hedman et al., 2006; Agaku et al., 2014a; Wellman et al., 2016; Almahdi et al., 2017a). 
Previous studies suggested the dynamics of SLT use among adolescents may differ from 
smoking a cigarette (Hu et al., 1997). Several behavioural theories have been used to 
explain SLT initiation, continuation and cessation among adolescents. For the present 
cross-sectional study, social cognitive theory (SCT) and the health belief model (HBM) 
provide the theoretical foundation. Although the HBM model was chosen to understand 
individual behavioural factors that affect adolescent SLT use, other factors may also be 
involved. Therefore, SCT was used to understand the factors not considered in the HBM, 
such as environmental factors. Incorporating both theories to understand health 
behaviour was supported in an earlier study (Rosenstock, Strecher and Becker, 1988). 
Both theories are discussed below in relation of their application in previous studies and 
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2.1.4.1 Social cognitive theory 
SCT was first developed by Albert Bandura in 1989 and has been extensively used 
to explain how tobacco and other substance use patterns are acquired and maintained 
by adolescents (Hahn et al., 1990; Langlois, Petosa and Hallam, 1999; Almahdi et al., 
2017). SCT is one of the components of behaviourism and explains why an individual 
acquires and maintains certain behavioural patterns (Akers and Lee, 1996). SCT 
determines the motivating factors for certain health behaviours and aids in understanding 
these motivations, which can help in designing health interventions to promote positive 
behavioural changes. 
SCT is comprised of a dynamic triad of three factors (personal cognitive, socio-
environmental and behavioural). Four main constructs comprise personal cognitive 
factors: self-efficacy, collective efficacy, outcome expectancies and knowledge. Socio-
environmental factors include four constructs: observational learning, social supports, 
normative beliefs and barriers and opportunities. Lastly, behavioural factors consist of 
three constructs: behavioural skills, intentions and reinforcement and punishment 
(Kelder, Hoelscher and Perry, 2015). All 11 constructs of SCT influence each other at 
certain times and no construct is considered more important than another in determining 
health behaviour. However, certain constructs may be more effective when looking for a 
certain behaviour (SLT use) among an identified population (adolescents). 
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Adolescence is a time of developing a self-identity; therefore, an emphasis on self-
efficacy for this age group is essential when addressing a particular health behaviour. 
Self-efficacy is the confidence of an individual in performing or overcoming barriers to 
perform a certain type of behaviour (Bandura, 1989). Individuals who had a high level of 
internal locus control and a high level of self-efficacy have sufficient control over negative 
behaviours, such as tobacco using (Bandura, 1989). A previous study showed that self-
efficacy is one of the strongest predictors of an adolescent’s tobacco use. A review 
conducted with 27 prospective studies looked at 300 possible predictors of adolescents’ 
tobacco use and found self-efficiency, self-esteem and SES of the adolescents to be the 
strongest predictors (Conrad, Flay and Hill, 1992). A cross-sectional study among school-
going adolescents in Delhi, India found that ever using tobacco was significantly 
associated with low general self-efficacy (Kumar et al., 2014). Studies related to 
predictors of adolescents’ SLT use are limited. However, one study conducted among 
1,878 adolescents from South Africa showed low refusal self-efficacy and depression play 
a vital role in the dual use of tobacco (Rantao and Ayo-Yusuf, 2012). These findings 
emphasise that adolescent substance use, including SLT, is associated with low general 
self-efficacy. 
Another key construct often cited in relation to adolescent tobacco use is outcome 
expectancies, which is defined as the belief that a behaviour will lead to a certain outcome 
and, therefore, may influence behaviour (Bandura, 1989). According to Rash and 
Copeland (2008), outcome expectancies refer to the anticipated reinforcing and punishing 
consequences related to using a substance, in both the short and long-term. Outcome 
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expectancies and behaviour may emphasise each other since expectancies reflect an 
individual's experience with a substance. For example, one study explored whether 
outcome expectancy could predict adolescent tobacco use or susceptibility using a six-
month follow-up survey among an adolescent cohort of never users of tobacco products. 
The study result showed that the outcome expectation related to stress relief predicted 
ever tobacco use and susceptibility (Colvin and Mermelstein, 2010). Similar findings were 
reported in previous study among Norwegian adolescents that found positive outcome 
expectation related to stress relief or less harmfulness and positive attitude were the 
strongest predictors of adolescent SLT use (WIIUM and AARØ, 2011). 
SCT has a reciprocally deterministic viewpoint and hypothesises that no amount of 
observational learning will lead to behaviour change unless the observers’ environments 
support the new behaviours (Mcaloster, Perry, and Percel, 2015, p.159). One basic form 
of environmental change to modify behaviour is incentive motivation, through the 
provision of rewards or punishments for desired or undesired behaviours. Increasing the 
prices of SLT products through taxation is a less punishing form of incentive motivation 
which can deter adolescent SLT use (NCI and CDC, 2014). It allows immediate reward of 
more money to spend on other things those who choose not to purchase SLT. 
Regarding observational learning, human capacity of learning new behaviour 
through other is central to SCT. SCT posits that adolescent tobacco use is a learned 
behaviour acquired through social interaction and support. The widely cited relationship 
between adolescents’ tobacco use and their friends’ (Cadmus and Ayo-Yusuf, 2018) and 
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parents’ (Rudatsikira, Muula and Siziya, 2010) tobacco use status can be seen as evidence 
of observational learning. 
Strengths and limitations of social cognitive theory 
Many researchers support the effectiveness of using SCT to explore health 
behaviour change (Short, James and Plotnikoff, 2012). The real value of SCT lies in its 
explanatory power for behaviour change, supporting the importance of self-efficacy and 
the existence of a wide range of empirical evidence for other SCT constructs. SCT is 
regarded as an evolving theory that is open to change, as Bandura’s (1986) own 
development of SCT came from social learning theory. Despite its openness to change 
for improvement, several limitations must be considered when evaluating the theory. 
First, SCT assumes that changes in the environment will automatically lead to changes in 
a person’s behaviour, which is not always the case (LaMorte, 2019). Second, the theory 
is broad reaching, so it can be difficult to operationalise. Third, SCT is highly focused on 
the individual, which means group elements are thought to only play a small role besides 
in the modelling component. Also, social, economic and political factors, also known as 
ecological factors, are completely ignored (LaMorte, 2019). Last, SCT has been widely 
used in the field of health promotion that emphasises individual and environment factors, 
but like other theories, applying all constructs to a single public health problem is difficult. 
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2.1.4.2 Health Belief Model 
The HBM has been a widely used framework in health behaviour studies to 
describe both initiation and maintenance of health-related behaviours and interventions 
(Glanz, Rimer and Viswanath, 2015). The model was first developed in the 1950s by 
social psychologists in the United States. The model is based on the understanding that 
an individual will take health-related action (e.g. will not use SLT) if they feel the adverse 
health condition can be evaded, have a positive expectation that by accepting 
recommended action they will avoid the health hazard and believe they can complete the 
recommended action successfully (Glanz, Rimer and Viswanath, 2015). 
The model has several primary concepts that assist in predicting why an individual 
will act to control, prevent or screen disease conditions: perceived susceptibility, 
perceived severity, perceived benefits, perceived barriers, cues to action and self-efficacy. 
The first four constructs were developed with the original model and last two were added 
as the HBM evolved. 
The HBM shows the relationship between health beliefs and specific health 
behaviour. Based on this model, if an individual feels that they are exposed and sensitive 
to a situation (perceived susceptibility), are certain that the situation is likely to be 
dangerous and will have negative consequences (perceived severity), think that through 
a series of actions they can reduce the risk and effects of the situation, believe the 
benefits of these actions (perceived benefits) are greater than the barriers of doing the 
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behaviour (perceived barrier), they will perform preventive behaviours to avoid the risk. 
Additionally, a stimulus can work as a trigger for a specific behaviour and can be 
considered as a guide and reason for the action (cues to action); in this sense, a person 
will have a sense of effectiveness and tolerability by overcoming the barriers of the 
specific behaviour (self-efficacy; Glanz, Rimer and Viswanath, 2015). 
 The HBM is a psychological model that aids in explaining and predicting health 
behaviour (Mohammadi et al., 2017) and has been applied to the prediction of an 
impressively broad range of health behaviours among a wide range of populations. Two 
of the broad areas it has been used in are preventive health behaviour (diet and physical 
activity) and health risk behaviour (e.g., tobacco use). However, the HBM has yet to be 
applied to predict adolescent SLT use behaviour, as the majority of studies have used 
this model to predict only smoking behaviour. For instance, a cross-sectional study among 
470 secondary school students found that positive attitude, weaker perceived barriers 
and cues to action were effective predictors of smoking behaviour (Mohammadi et al., 
2017). 
 The HBM was used in a tobacco-related study by Weinberger et al. (1981), who 
found that certain types of attitude and beliefs can distinguish between different levels 
of tobacco use behaviour (past, moderate and heavy users) and quit tobacco habits. The 
researchers highlighted that users must see themselves susceptible to adverse effects of 
tobacco use in addition to believing that using tobacco products is a health risk before 
change occurs. Concerning SLT use, Tareg et al., (2015) assessed individuals’ beliefs of 
the health risk of betel nut chewing among the population of Yap, Micronesia using the 
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HBM as a basis for their questionnaire design. Ghajari et al. (2017) examined the 
predictors of smoking among high school boys using HBM constructs by focusing on the 
attitude and beliefs of individuals. A previous review by Mantler (2013) used the HBM 
framework to assess youth’s perception of addiction and health risk associated with 
smoking, finding that youths considered the perceived barriers to quitting as more 
relevant than the benefits of quitting but when they decided to quit, this scenario was 
shifted, and they believed the benefits to be more relevant. 
Strengths and limitations of the health belief model 
The HBM is a useful framework to understand health behaviour. In general, the 
constructs are seen as independent predictors of health risk behaviour (Orji, Vassileva 
and Mandryk, 2012). Despite the success of the HBM in predicting a range of health risk 
behaviours, previous research claimed that HBM constructs were inadequate predictors 
(Norman and Brain, 2005). Some of the major limitations of the HBM are the low 
predictive capabilities of the constructs, their small effect size and a lack of clear 
guidelines for combining the constructs and understanding the relationship between 
them. According to Orji, Vassileva and Mandryk (2012), the constructs of the HBM can 
only predict approximately 20% of the variance in health behaviour. Yarbrough and 
Barden (2001) concluded in their review that the application of the HBM is inconsistent 
in explaining breast screening behaviour and only explained 47% of the observed 
variance in screening behaviour when SES was included; otherwise, the predictive power 
of the HBM ranged from 15% to 27%. Even the extent of the perceived threat as an 
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effective behavioural motivator has been questioned in the context of adolescents’ 
behaviour (Finfgeld et al., 2003). 
 
2.1.5 Overall summary  
 
 The review on adolescent SLT use found that age, gender, parental education 
status, ethnicity, area of residence, easy accessibility and availability of SLT, tobacco 
advertisement, parental use and peer pressure are the key factors associated with 
adolescent SLT use.  The majority of the studies agreed that adolescent SLT use increases 
with age. Studies from the South-Asia region and the US found that boys are the 
dominant SLT users than girls. However, studies from the African region found that girls 
used SLT more than boys or no association. In general, higher level of parental education 
was inversely associated adolescent SLT use. Though, heterogeneity shown related to 
either of the parental education status and its association with adolescent SLT use. 
Majority studies linked to ethnicity and adolescent SLT use are from the US and agreed 
that white American adolescents are the main SLT users and African American smokes 
cigarettes. Regarding the place of residence all studies agreed that rural adolescents are 
more likely to be SLT users than urban adolescents. Studies related to adolescent access 
and availability of SLT products were limited. Social connections are main source of 
adolescent SLT. Compliance with TCA (Tobacco Control Act) concerning accessibility and 
exposure to tobacco advertisement was associated with increased adolescent SLT use. 
Based on previous studies, parental use is one of the strongest predictors of adolescent 
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SLT use. Heterogeneity present among the studies result related to higher risk associated 
with either mother or father SLT use status.  All studies agreed to the strong role of 
friends SLT use status on adolescent SLT use. However, controversy remained related to 
friends smoking status and risk of adolescent SLT use. Despite controversy, friend’s 
tobacco use status is the strongest predictor of adolescent SLT use. Articles linked to 
adolescent’s knowledge about SLT related harm was very limited. Existing literature 
review result suggested that difference exist in knowledge and attitudes regarding SLT 
use and its related harm between users and non-users. However, question remained in 
their ability to predict adolescent SLT use status. Limited data is available related to 
Bangladeshi adolescent SLT use and its related factors. Only information related to 
Bangladeshi adolescent SLT use is the national prevalence. Further studies are needed to 
explore those factors contributing towards adolescent SLT use in Bangladesh.  
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2.2 A review of the oral cancer risk factors 
2.2.1 Introduction 
Oral cancer is a multifactorial disease. The major risk factors can be categorised 
as two main categories- behavioural (modifiable) and sociodemographic (non-
modifiable). Most important behavioural risk factors of oral cancer are tobacco smoking, 
SLT use, alcohol drinking, HPV/sexual habit and diet. Important non-modifiable risk 
factors are socio-demographic status, age, gender (Petti, 2009). The aim of this section 
of the review is to examine the risk factors associated with oral cancer using the existing 
literature. Past studies that looked at the potential aetiological agents of oral cancer will 
be critically discussed. The review largely focused on behavioural risk factors. However, 
the effect of other putative risk factors such as oral hygiene, BMI (Body Mass Index) and 
family history of cancer were also explored.  
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2.2.2 Search strategy and article selection 
An extensive search of the literature was conducted, including PubMed, ProQuest, 
ScienceDirect and Google scholar database. The search was carried out using various 
combinations of corresponding descriptors (MeSH) and free text terms such as  
• oral cancer or mouth cancer or oral carcinoma or head and neck cancer or mouth
neoplasm or oral neoplasm or Squamous cell carcinoma of oral cavity or carcinoma
lip, or carcinoma tongue.
• Epidemiology or mortality or incidence or trends or prevalence.
• Case-control study or hospital-based case-control study or population-based case-
control study
• risk factors or aetiology,
• smoking or cigar or filtered cigarettes or unfiltered cigarettes or bidi or hukkah or
water pipe
• alcohol,
• Oral health or oral hygiene,
• Diet or dietary score, Mediterranean diet or Asian diet
• Body mass index or height or weight or body size or obesity or overweight,
leanness
• family history or
• Viral hepatitis, HPV
• smokeless tobacco or chewing tobacco or betel quid or pan or naswar or ghutka
or areca nut or betel nut
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• Bangladesh or India or Pakistan or Sri Lanka or Nepal or South-Asia or South-east
Asia or Europe or USA or Africa, Scandinavian
The search was restricted to study published in English until December 2018. The author 
of this thesis (ZU) had independently run the search. Initially tittles and abstract of the 
studies was screened based on inclusion and exclusion criteria defined specially for this 
study (see nest section). Final articles were including after the agreement of both 
supervisors. For the present review, original clinical studies including case-control study 
and cohort study were included where at least number of cases was 100. Due to the 
nature of this review (NR) few systematic reviews and meta-analysis was included in this 
review. However, all those reviews were based on case-control and cohort studies.  
2.2.2.1 Study inclusion criteria 
• Original studies published in peer-reviwed journals and specified atleast one or
both genders.
• Stuides that had at-least 100 cases.
• The primary outcome of the study was clearly defined, oral cancer (ICD10: C00–
C06).
• Exposure of interest was smoking tobacco, smokeless tobacco, alcohol, joint effect
of alcohol and tobacco, oral health indicators, viral hepatistis, diet, and family
history of cancer.
• Studies that provided odds ratios (OR) for case-control studies and relative risks
(RR) for cohort studies, with their corresponding 95% confidence interval (CI).
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• Studies that were published in English until December 2018.
2.2.2.2 Study exclusion criteria 
• Cross-sectional study, survey, experimental studies, letters to the editor,
unpublished data, and articles not published in English were excluded.
• Stuides with insufficient power (less than five expected case exposure).
• Other pathological and physiological studies on oral cancer risk factors.
• Studies with fewer than 100 cases.
• Articles related to oral pre-cancerious lesions such as oral leukplakia.
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Figure 3b: Flow chart of articles selection process for the review 
Articles identified through Pubmed, ProQuest and Google 
Scholar database searching 
n=17835 
Record after screening tittles and 
removing duplicates   
n=252 
Excldued articles 
n=17583 artciles not related to exposure 
of interest  
Full text articles assessed for 
eligibility 
n=91 
Excluded articles after screening 
abstract 
n=161 
Articles included in the narrative 
review 
n=63 
Excluded full text articles with reason 
n=28 
Cross-sectional study (n=3) 
Studies on OPMD (n=4) 
Case-control study less than 100 cases (n=5) 
Studies related to nasopharynx and pharayngeal cancer 
(n=8) 





































2.2.3 Oral cancer epidemiology 
 
 According to the National Cancer Institute (NCI, 2011), oral cancer is a cancer of 
the tissues of the oral cavity (the mouth) or the oropharynx (the part of the throat at the 
back of the mouth). Oral cancer may develop from a primary lesion initiated from any 
tissue in the mouth cavity, metastasis from a remote site or extension from another 
neighbour anatomical structure (e.g., nasal cavity). However, the literature lacks a 
standardised oral cancer definition. A review conducted by Tapia and Goldberg (2011) 
reported that 17 different terms are used for oral cancer in the literature. Another review 
of 102 articles revealed that the definition of oral cancer is not standardised because of 
the lack of uniformity in defining an oral cavity. As some articles suggested, the soft 
palate and base of the tongue is part of the pharynx, not the oral cavity, whereas the 
cutaneous lip, some sites of the pharynx and major salivary glands are often included in 
the oral cavity (Radoi and Luce, 2013). 
 Based on the WHO’s (2016) International Classification of Diseases (ICD) codes 
from the 10th revision (ICD-10), the following sites are associated with oral cancer: ICD10, 
C00-Malignant neoplasm of inner lip, Excl.:skin of lip-C43.0, C44.0; ICD-10, C01-
Malignant neoplasm of base of tongue; ICD-10, C02–Malignant neoplasm of other and 
unspecified parts of tongue; ICD-10, C03–Malignant neoplasm of gum; ICD-10, C04-
Malignant neoplasm of floor of mouth; ICD-10, C05–Malignant neoplasm of palate; ICD-
10, C06–Malignant neoplasm of other and unspecified parts of mouth; ICD-10, C09–
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Malignant neoplasm of tonsil; ICD-10, C10–Malignant neoplasm of oropharynx; and ICD-
10, C14–Malignant neoplasm of other and ill-defined sites in the lip, oral cavity. 
2.2.3.1 Incidence 
Cancer is the second-most common cause of global morbidity and mortality. 
Approximately six million people die every year because of cancer, and it is estimated 
that there will be over 15 million cases every year by 2020 (Khan, 2012). Among all 
cancers, oral cancer is the 11th-most common cancer in the world. According to recent 
global cancer statistics by Bray et al., (2018), 354,864 new oral cancer cases were 
diagnosed worldwide in 2018. Among all oral cancer cases, 45.9% of cases (159,750 of 
354,864 new cases) were from South-Central Asia, 6.5% (22,706 of 354,864 new cases) 
were from Central and Eastern Europe and 7.5% (27,106 of 354,864 new cases) were 
from North America. Globally, the age-standardised rate (ARS) was higher among males 
(5.8) than females (2.3; Bray et al., 2018). 
A wide geographical variation in oral cancer incidence is evident, which is 
approximately 20-fold. Across various WHO regions, a considerable variation of oral 
cancer prevalence was reported (Table 9). The highest incidence rate was observed in 
the SEAR followed by the East Mediterranean region, and the lowest incidence rate was 
observed in the African region. Regarding 5 years of prevalence, the SEAR reported the 
highest number (331,321), followed by the European region (202,600). Across the WHO 
regions, males had a higher rate of incidence, mortality and prevalence (IARC, 2018). 
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Figure 4: Oral cancer incidence and geographical variations. (Source: Bray et al., 2018). 
  
Most of the oral cancer incidences are from developing countries. Papua New Guinea had 
the highest age-standardised incidence rate of 20.4 (IARC, 2018). Oral cancer is the 
fourth-most common cancer in South-East Asia and ranks 1st among all the cancers in 
men, with an estimated 149,102 oral cancer cases diagnosed in 2018 (IARC, 2018). The 
age-standardised incidence rate in the SEAR is 7.6. India, Pakistan, Bangladesh and Sri 
Lanka are some of the high-risk countries from this region (Warnakulasuriya, 2009), with 
oral cancer being the most common cancer in India. India alone accounted for 34.5% 
(119,992 of 354,864 of new cases) of the total global oral cancer cases. In India, oral 
cancer accounts for 30%–40% of all malignant tumours compared to 2%–4% in Western 
countries (Byakodi et al., 2012). In India, the estimated age-standardised incidence rate 
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was 9.1 per 100,000 populations (IARC, 2018). Pakistan had the second highest oral 
cancer incidence rate in the world at 12.2 per 100,000 population and accounted for 5.8% 
(18,881 of 354,864 of new cases) of the global new oral cancer cases in 2018. 
Oral cancer burden is much lower in developed countries compared to LMICs. In 
2018, a total of 6,087 new oral cancer cases were diagnosed in the United Kingdom. The 
majority of these oral cancer cases were male (3,880) and were strongly associated with 
age (IARC, 2018). Based on the National Cancer Institute survey in the United States, 
45,780 oral cancer cases were diagnosed, and 8,650 deaths were related to oral cancer 
in 2015, with the majority being male (32,670 vs. 13,110 females; Siegel, Miller and 
Jemal, 2015). 
The significant regional variations of oral cancer incidences are likely to be 
associated with the relative distribution of specific risk factors (Shield et al., 2017). For 
example, lip cancer is more common in Australia and some European countries and 
believed to be caused by ultra-violet rays and the transfer of heat from smoke (Czerninski 
et al., 2010). In the Indian subcontinent, particularly in India, Pakistan, Bangladesh and 
Sri Lanka, and a substantial part of southern Asia, particularly in China and Thailand, 
higher incidences of oral cancer are associated with tobacco smoking and SLT use. 
Additionally, the oral cancer rate is higher in countries with a large population of Asian 
immigrants, such as the United Kingdom and other countries in Europe (Llewellyn et al., 
2001). In Western countries, oral cancer incidences are highly likely to be associated with 
alcohol consumption, tobacco smoking and human papilloma virus (HPV) infections 
(Bagnardi et al., 2015). Historically, alcohol consumption and tobacco smoking are 
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highest in northern America and European regions (WHO, 2014a), and the synergistic 
effect of alcohol and tobacco use may play a sizeable role in the oral cancer rate in these 
regions (Maasland et al., 2014). 
Table 9: Estimated incidence, mortality, and five years of prevalence of lip and oral cavity 
cancer. 
Region Incidence Mortality 5-years prevalence
N (%) ASR 
(W) 
N (%) ASR 
(W) 
N (%) Prop 
World Male 246,420 (2.6) 5.8 119,963 (2.2) 2.8 628,799 (3.0) 16.3 
Female 108,444(1.26) 2.3 57,615 (1.38) 1.2 284,715(1.25) 7.5 
Both Sex 354,864 (1.96) 4.0 177,384(1.87) 2.0 913,154(2.10) 12.0 
WHO African 
region 
Male 5,741 (1.7) 2.0 4,577 (2.0) 1.2 11,073 (2.1) 2.10 
Female 4,809 (1.0) 1.5 3,603 (1.19) 1.7 9,357 (1.02) 1.70 
Both Sex 10,550 (1.3) 1.7 8,207 (1.53) 1.4 20,430 (1.41) 1.90 
WHO American 
Region 
Male 31,406 (1.6) 5.0 9,012 (1.26) 1.4 97,240 (1.7) 19.4 
Female 15,604 (0.85) 2.0 4,060 (0.62) 0.46 47,200 (0.81) 9.20 




Male 17,045 (5.2) 6.0 10,597 (4.7) 3.7 33,815 (5.7) 9.4 
Female 8,889 (2.5) 3.3 6,148 (3.1) 2.3 19,162 (2.5) 5.7 
Both Sex 25,934 (3.8) 4.7 16,745 (4.0) 3.0 52,977 (3.9) 7.6 
WHO Europe 
Region 
Male 44,753 (1.8) 6.3 18,573 (1.54) 2.6 137,837(2.16) 30.8 
Female 20,973 (0.98) 2.2 7,037 (0.75) 0.66 64,763 (0.99) 13.6 
Both Sex 65,726 (1.44) 4.1 25,610 (1.19) 1.5 202,600(1.57) 22.0 
WHO South-East-
Asian region 
Male 110,710 (11.3) 11.3 61,129 (8.6) 6.3 242,781(14.4) 23.8 
Female 38,392 (3.8) 3.9 28,257 (4.5) 2.9 88,540 (4.0) 9.1 
Both Sex 149,102 (7.4) 7.6 89,377 (6.7) 4.6 331,321 (8.5) 16.7 
WHO Western 
Pacific Region 
Male 36,711 (1.07) 2.6 15,792 (1.09) 1.1 105,888(1.72) 10.7 
Female 19,764 (0.71) 1.3 8,556 (0.59) 0.50 55,662 (0.85) 5.9 
Both sex 56,475 (0.91) 1.9 24,348 (0.65) 0.79 161,540(1.27) 8.4 
ASR (Age-standardised rate) (W) and proportions per 100,000. N – Number ASR (W) – Age-standardised 
rate WHO Prop -Proportion (Source: IARC, 2018) 




Figure 5: Age-standardised oral cancer incidence rate (Source: Bray et al., 2018)
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2.2.3.2 Mortality and survival 
Every year worldwide an estimated 177,384 adults die because of oral cancer. Men 
have a higher mortality rate compared to women, the estimated mortality rate among 
men was 2.8 (per 100,000) compared to 1.2 (per 100,000) in women (IARC, 2018). Oral 
cancer mortality is particularly high in the WHO SEAR (4.6/100,000; see Table 9). Notable 
variations of oral cancer mortality are observed within countries. For instance, in the 
United States, mortality rates of oral cancer vary by more than five-fold. The combination 
of ethnicities, socio-economic statuses and variations in the prevalence and severity of 
risk factors in these communities, including the use of SLT in the southern states, can 
explain these regional differences (Gupta et al., 2016). The most striking between-
country difference is observed in the European Union, which has rates varying between 
3- and 10-fold increases in oral cancer mortality rate between Central and Eastern Europe
(Diz et al., 2017). 
The considerable mortality rate of oral cancer mainly depends on the stage of the 
disease at diagnosis; the earlier the cancer is diagnosed, the better the survival rate. The 
5-year survival rate for stage I cancer is approximately 80% and approximately 20% for
advanced stage (stage III/IV). Sadly, worldwide, approximately 50% of the oral cancer 
patients are diagnosed with advanced stages (Warnakulasuriya, 2009). Regarding the 
anatomical site, the best survival rate is seen in patients with cancer of the lip, with over 
90% of patients surviving for 5 years. Women had a higher survival rate than men for 
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cancer of both the tongue and the oral cavity (Warnakulasuriya, 2009). The survival rate 
is also significantly associated with behavioural risk factors and treatment options. Le 
campion et al., (2017) stated that the survival rate after the initial oral cancer diagnosis 
was 59.3% in the first year, 40.7% in 2 years and 27.8% in 5 years and was significantly 
associated with alcohol intake, advanced cancer staging and procedure without surgery. 
2.2.3.3 Trends 
Worldwide, cancers of the lip and oral cavity are predicted to be increased by 
29.9% by 2030 and the change is predicted to be higher among women (31.6%) 
compared to men (IARC, 2018). Among the WHO regions, the incidence rate increased 
in the South-Asian region, estimated ASR (Age-standardised rate) 7.6 in 2018 compared 
to 6.4 in 2012. The declining trend was observed in the WHO American region, estimated 
ASR was 3.4 in 2018 compared to 4.2 in 2012 (IARC, 2018). Among all genders, the 
incidence rate in the WHO SEAR increased substantially among men from 8.9 per 100,000 
population in 2012 to 11.3 per 100,000 population in 2018. 
Several other studies demonstrated oral cancer trends in different regions in the 
world. A recent study by Diz et al., (2017) stated that the oral cancer incidence rate in 
Europe showed a declining trend. However, a high oral cancer incidence rate was 
observed in Denmark and for lip cancer in Spain. Moreover, a significant increase in oral 
cancer-related mortality was observed among women in most Eastern European 
countries. For example, Belarus observed a 61% increase in the oral cancer-related 
mortality rate when compared to the rate from 2000 to 2003. In Romania and Hungary, 
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oral cancer-related mortality among men increased by over 30% between 1990 and 2004. 
Another recent study from the Oceania region reported the rate of oral cancer in this 
region is predicted to be increased by 49% by 2030 (Pollares et al., 2017). The incidence 
and mortality rates are also projected to be doubled by 2030 in the African region, 
specifically in Egypt, Iran, Morocco, Sudan and Turkey (Kujan et al., 2017). 
 
2.2.3.4 Oral cancer scenario in Bangladesh 
 
 In Bangladesh, epidemiological data related to oral cancer is limited. Only 
estimated data is available from the WHO’s IARC GLOBOCAN report. Bangladesh has the 
third-highest age-standardised oral cancer rate in the world (9.5 per 100,000 population). 
An estimated 13,401 new oral cancer cases were diagnosed in 2018 (see Figure 6). Oral 
cancer is the third-most common cancer among Bangladeshi men and fifth among 
women. Men have a higher incidence rate compared to women, with estimated age-
standardised incidence rates being 12.4 per 100,000 and 6.5 per 100,000 population, 
respectively (IARC, 2018). 
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Figure 6: Estimated number of new oral cancer cases (both genders) (Source: IARC, 
2018). 
Overall, oral cancer is the third leading cause of cancer-related death in 
Bangladesh; in 2018, an estimated 8,570 adults died from oral cancer (see Figure 7) 
(IARC, 2018). Oral cancer is the third leading cause of cancer-related death for men and 
fifth leading cause of death for women. 
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Figure 7: Estimated number of deaths related to oral cancer in Bangladesh. Source: IARC, 
2018. 
Based on the current trends and considering the demographic and risk factors, an 
estimated additional 6,255 new oral cancer cases and 4,263 deaths related to oral cancer 
are expected by 2030; an increase of 46.7% from 2018 (IARC, 2018). A larger portion of 
these cases will be among men (3,908) compared to women (2,347).  
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2.2.4 Risk factors for oral cancer 
Many types of exposures have been investigated as possible risk factors for oral 
cancer development. Lifestyle behavioural risk factors, such as tobacco smoking, SLT 
chewing and alcohol drinking, are considered as major risk factors (Warnakulasuriya, 
2009b). According to Johnson (2001), smoking, tobacco chewing, heavy alcohol drinking, 
and poor diet together accounted for 90% of oral cancer cases. Several other emerging 
risk factors, such as HPV, oral health indicators, body mass index and family history of 
oral cancer, also had a possible role in oral cancer development (Warnakulasuriya, 
2009b). Below is review of the relevant studies related to oral cancer risk factors. 
2.2.4.1 Tobacco 
The role of tobacco in oral cancer development has been studied extensively. Early 
studies established tobacco use as an independent risk factor of oral cancer (Andre et al., 
1995; De Stefani et al., 1998; Moreno-López et al., 2000; Zavras et al., 2001; Llewellyn 
et al., 2004; Warnakulasuriya, Sutherland and Scully, 2005; Ernani and Saba, 2015). 
Tobacco, whether it is smoked, chewed or inhaled, is considered as a major carcinogen. 
Hence, the IARC (2012) regarded tobacco as Class-I carcinogens for oral and pharyngeal 
cancer. In the following sections, different forms of tobacco, namely SLT and smoked 
tobacco, and their association with oral cancer development are discussed. 






Based on the available evidence, the IARC (2012) declared traditional SLT, such 
as BQ (Betel Quid), snuff and chewing tobacco, as carcinogenic to humans and concluded 
sufficient evidence exists to confirm SLT causes oral pre-cancerous lesions and cancer of 
the oral cavity. The total burden of SLT-related cancer is likely to be substantial with over 
300 million SLT users worldwide (NCI and CDC, 2014). Since SLT products are placed in 
the mouth or sniffed, there has always been a concern that their use will cause cancer in 
the oral cavity, pharynx or larynx (Colilla, 2010). The possible relationship between SLT 
use and oral cancer has been studied since the early 19th century. In 1915, Abbe found 
that 33 out of 100 mouth cancer patients were heavy smokers, 13 of these smokers were 
chewing tobacco users and one was oral snuff user (Abbe, 1915). In 1933, Orr reported 
that using, for example, shell lime and jaffna tobacco (very cheap and irritating tobacco), 
prolonged the retention of quid in the mouth and this coupled with a diet low in vitamins 
increased the risk of having oral cancer in some parts of India (cited in Gupta and 
Johnson, 2014). Detailed evidence of SLT use and risk of oral cancer is discussed later in 
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 Smoked tobacco 
Tobacco smoking is one of the major risk factors for oral cancer. Based on 
epidemiological studies, smoking is the leading cause of oral cancer for both men and 
women. Also, any method of smoking, whether it is cigarettes, pipes or bidi, is associated 
with increased oral cancer risk (Blot et al., 1988; Petti et al., 2013; Mahapatra et al., 
2015). This association is stronger for increased frequency and duration of use for of all 
types of smoking; however, a sharp reduction in oral cancer risk is seen following smoking 
cessation (Marron et al., 2010). 
A meta-analysis of observational studies from South-Asia by Petti et al., (2013a) 
reported that the pooled odds ratio for oral cancer from smoking was 3.6 (95% CI [1.9, 
7.0]) and synergistic effects were seen for smoking, chewing and drinking. As suggested 
by Petti et al., (2013a), among smoking–drinking–chewing subjects in SEAR, individual 
effects accounted for 6.7% for smoking, 3.1% for alcohol drinking and 17.7% for chewing 
of the oral cancer risk, while the interaction effects among these factors accounted for 
the remaining 72.6%. 
The risk of oral cancer appears higher among heavy smokers. A large case-control 
study from Sau-Paulo Brazil reported that the odds of oral cancer for moderate smoking 
and heavy smoking was 2.65 (95% CI [2.07, 3.38]) and 7.43 (95% CI [5.94, 9.30]), 
respectively. Additionally, ever smoking was associated with a five-fold increased risk of 
oral cancer (Antunes et al., 2013). However, a case-control study from Trivandrum, India 
did not find any effect of smoking on oral cancer risks in males after adjusting for SLT 
use and alcohol drinking. Though, they found significant increased risk of oral cancer 
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among bidi smoking alone, OR = 1.9, 95% CI [1.1, 3.2], compared to never smokers 
(Muwonge et al., 2008). 
Some studies have demonstrated a dose-dependent relationship between tobacco 
smoking and oral cancer risk, with the risk of oral cancer increasing with the frequency 
of smoking per day and total duration of smoking (Subapriya et al., 2007; Lee et al., 
2019). A case-control study from India reported that smoking less than five gm/day of 
tobacco was associated with a nearly two-fold increased risk of oral cancer and the risk 
went up to over six-fold for smoking five gm of tobacco or more per day. Additionally, 
smoking less than 10 years increased the risk by two-fold and more than 40 years of 
smoking increased it by nearly four-fold (Subapriya et al., 2007). Similar findings were 
reported in a large multicentre hospital‐based case-control study from East Asia (921 
cases; 806 controls): an increased risk of oral cancer was found among ever smokers, 
OR = 1.58, 95% CI [1.18, 2.13], and smoking over 20 cigarettes a day and smoking for 
20 years or more increased the risk substantially compared to non-smokers (Lee et al., 
2019). 
Several case-control studies analysed the relationship between age of smoking 
onset and oral cancer risk. Early studies conducted in Italy by Franceschi et al., (1992) 
and India by Sankaranarayanan et al., (1990) found starting smoking at an early age was 
associated with an increased risk of oral cancer. Another hospital-based case-control 
study including 187 oral cancer cases and 240 controls from India found that respondents 
who started smoking at 24 years of age or less were two times more likely to have oral 
cancer compared to non-smokers and the association remained significant after 
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adjustment for other covariates (Gupta et al., 2017). However, contrary findings were 
reported by Balaram et al., (2002), who did not find a significant relationship between 
age of onset of smoking and oral cancer. 
Other smoking factors also appear to affect the risk of oral cancer, such as not 
using filters. An early case-control study from the United States found that lifelong filter 
smokers observed only one-half the oral cancer risk of non-filter smokers (Blot et al., 
1988). However, a case-control study including 319 men and 428 controls in China 
analysed the relationship between oral cancer risk and smoking filtered and non-filtered 
cigarettes (Fu et al., 2013). The study results concluded no apparent protective effect of 
filtered cigarettes. As compared with non-smokers, the adjusted odds ratios for oral 
cancer were 1.30 (95% CI [1.15, 1.48]) for filtered cigarette smokers, 2.06 (95% CI 
[1.17, 3.62]) for non-filtered cigarette smokers and 1.73 (95% CI [1.33, 2.25]) for mixed 
smokers, but these differences were not statistically significant. 
Previous studies have also examined the risk of oral cancer from different types of 
smoking tobacco, such as cigarettes, cigars, pipes and hand-rolled cigarettes as well as 
traditional tobacco in Asia, such as bidis and cheroot (Radio and Luce, 2013). Regarding 
the type of smoked tobacco and the risk of developing oral cancer, the results varied 
substantially. Previous case-control studies from India found that smoking pipes and 
cigars pose a higher risk of developing oral cancer (OR = 4.28 to 10.17) compared to 
manufactured cigarettes (OR = 1.08 to 1.79; Balaram et al., 2002; Znaor et al., 2003). 
112 | P a g e  
 
 Several studies from South-Asia found that traditionally manufactured smoked 
tobacco, also known as bidi, increased oral cancer risk substantially. Bidi is an indigenous 
form of smoking widely used by people with low SES in India, Bangladesh, Nepal, Pakistan 
and other South-Asian countries (Vyas et al., 2018). Regarding the risk of oral cancer 
development from bidi smoking, a meta-analysis of South-East-Asian studies revealed 
that bidi smoking increases oral cancer risk by three-fold compared to never smokers, 
and the relationship was stronger with longer duration of smoking (Rahman et al., 2003). 
Similar findings were reported by Madani et al., (2012), who found a significant 
association between bidi smoking and oral cancer risk, OR = 4.1, 95% CI [2.4–6.9], and 
the association showed dose-response dependence. A large cohort study among 66,277 
men aged 30–84 years from Kerala, India found that bidi smoking is an independent risk 
factor for oral cancer risk, RR= 2.6, 95% CI [1.4 – 4.9], and the risk increased with higher 
daily bidi consumption, longer duration and starting bidi at a younger age (Jayalekshmi 
et al., 2011). 
 According to the GATS (2009), there are estimated 24.1 million current smokers 
in Bangladesh, and among these, 13.5 million smoked manufactured cigarettes, 10.6 
million smoked bidis and 1 million smoked hand-rolled cigarettes, pipes and water pipes 
(hukkah). Research has yet to be carried out to explore the possible association between 
smoking and oral cancer risk among Bangladeshi adults. Table 10 represents the key 
studies outlined above and their significant findings related to oral cancer risk from 
smoking tobacco.
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Table 10: Previous case-control studies related to smoking and risk of having oral cancer 




Variables OR (95%CI) 
Fu et al., (2013) China  (390:428) Male Age Filter cigarette smoker 1.30 (1.15-1.48) 
Non-filter cig smokers 2.06 (1.17-3.62) 
Mixed smokers 1.73 (1.33-2.25) 
Pack-year < 20 1.16 (0.89-1.50) 
Pack-year 20-39 1.32 (1.12-1.57) 
Pack-year ≥40 2.93 (2.13-4.03) 
Mahapatra et al., (2015) India  (134:268) Male, 
female 
Age, gender Bidi smoking 2.30 (1.10-4.80) 




Former smoker 1.38 (0.78-2.47) 
Current cig smoker 1.08 (0.56-2.09) 
Current Cigars smoker 10.17 (1.12-92.18) 
Bidi ≥20 per day 2.50 (1.41-4.42) 
Muwonge et al., (2008) India  (282:1,410) Male, 
female 
Age, gender Current smoker 1.20 (0.80-2.8) 
Bidi smoking 1.90 (1.10-3.70) 
>20 bidi per day 1.60 (0.90-2.90) 
Znaor et al., (2003) India  (1,563:3,633) Male, 
female 
Age, gender Current smoking 1.91 (1.61-2.26) 
Smoking >40 years 1.60 (1.25-2.06) 
Daily smoking ≥20 1.99 (1.47-2.68) 
Cigarettes only 0.99 (0.79-1.23) 
Bidi only 2.15 (1.75-2.63) 
Cig+bidi 1.49 (1.18-1.88) 
Cigar only 4.72 (2.41-9.25) 
Gupta et al., (2017) India (187:240) Male, 
female 
Age, gender Ever smoking 1.96 ((1.05-3.66) 
Age of onset (1-24) 2.55 (1.22-5.32) 
Consumption of bidi/cig 
per day >10 
2.74 (1.28-5.89) 
Cumulative years of 
smoking (>200 years) 
3.63 (1.67-7.89) 
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Variables OR (95%CI) 
Sankaranarayanan et al., (1990) India  (414:895) Male, 
female 
Age, gender, Ever bidi smoking 4.21 (2.09-8.45) 
Ever BQ with tobacco 14.28 (8.21-28.43) 
Ever bidi + ever BQ 21.46 (11.94-38.54) 








Age, Gender Ever smoking 2.13 (1.53–2.98) 
Cigarette smoking 3.46 (3.24–3.70) 
Cigars 2.54 (1.93–3.34) 
Pipes 2.08 (1.55–2.81) 








Ever smoking 1.58 (1.18-2.13) 
≥20 cigarettes per ay 1.78 (1.29-2.47) 
≥ 40 years smoking 1.76 (1.08-2.85) 




Age, gender Ever smoking 5.04 (4.07-6.23) 
Level-1 smoker 2.65 (2.07-3.38) 
Level-2 smoker 7.43 (5.94-9.30) 




Age, gender Smoking 3.63 (none reported) 
bidi 4.63(none reported) 
Cigarette 2.33(none reported) 
≥5.0 gm tobacco/day 6.11(none reported) 
>40 years smoking 3.89(none reported) 





 Each year, approximately 3.3 million deaths and 4.5% of the global burden of 
diseases and injuries are attributable to alcohol drinking (WHO, 2014a). Based on the 
available epidemiological evidence, IARC (2012) concluded that alcoholic beverages are 
carcinogenic to the tissues in the mouth and throat and several other sites, most notably 
the oesophagus, larynx and liver. A higher risk of cancer is associated with a higher level 
of consumption, as even one drink per day can increase the risk significantly (Nelson et 
al., 2013; Rehm and Shield, 2013). 
 The independent effect of alcohol on oral cancer is inconsistent and varies globally. 
An extensive pooled analysis of case-control studies reported that among never smokers 
the association of alcohol drinking and oral cancer was weak and statistically insignificant, 
OR = 1.18, 95% CI [0.93, 1.50] (Hashibe, et al., 2007). Nevertheless, an increasing 
number of alcoholic drinks per day was associated with a higher risk of oral cancer but 
did not show any clear dose-response relationship. The pooled analysis also showed that 
only 7% of the cases of HNC were associated with alcohol drinking among never smokers 
(Hashibe et al., 2007). In contrast, another systematic review of 52 studies reported a 
dose-response relationship between alcohol and oral cancer risk (Bagnardi et al., 2015). 
The meta-analysis showed every category of alcohol consumption was associated with 
oral cancer in a dose-risk manner: light drinking, RR = 1.13, 95% CI [1.00, 1.26]; 
moderate drinking, RR = 1.83, 95% CI [1.62, 2.07]; and heavy drinking, RR = 5.13, 95% 
CI [4.31, 6.10] (Bagnardi et al., 2015). 
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Some study results suggested an overestimation of oral cancer risk associated with 
alcohol use has occurred because researchers have not considered the alcohol and 
tobacco interaction in oral cancer development. A large hospital-based case-control study 
from Sao Paulo (Brazil) based on 1,144 oral cancer cases and 1,661 controls found over 
a three-fold increase risk of oral cancer from alcohol drinking, OR= 3.60, 95% CI [2.86, 
4.53] and for smoking, OR = 3.50, 95% CI [2.76, 4.44]. However, when the interaction 
between alcohol and tobacco was considered, drinking was not independently associated 
with oral cancer, OR = 0.78, 95% CI [0.48, 1.27] and the independent effect of smoking 
was lowered considerably, OR = 1.41, 95% CI [1.02, 1.96] (Antunes et al., 2013). A 
similar conclusion was made by a recent meta-analysis of seven studies between 2010 
and 2012, which showed that alcohol drinking was inversely associated with oral cancer 
in non-smokers and non-BQ chewers, OR = 0.70, 95% CI [0.51, 0.96] (Petti et al., 
2013b). 
An increasing number of alcoholic drinks per day and its association with a higher 
risk of oral cancer was reported in a recent prospective cohort study from the Netherlands 
(Maasland et al., 2014). Drinking 30 grams or more per day of alcohol was associated 
with a significantly increased risk of oral cavity cancer, RR = 6.39, 95% CI [3.13, 13.03]. 
Although beer and wine drinking did not show any increased risk, drinking two or more 
glasses per day of liquor was associated with a two-fold increased risk of oral cancer, RR 
= 2.26, 95% CI [1.02, 4.99] (Maasland et al., 2014). 
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 Although a few studies have reported the effect of age at onset of drinking alcohol 
on oral cancer risk, they failed to establish a relationship between the two factors. For 
instance, a recent hospital-based case-control study of 187 oral cancer cases and 240 
controls from India did not find any statistically significant associations between alcohol 
(type, age at onset, total duration and daily frequency) and oral cavity cancer (Gupta et 
al., 2017). Similarly, a study from Southern India did not find any association between 
age at initiation and risk of oral cancer development (Balaram et al., 2002) 
 Regarding the type of alcohol, study results are mixed. Several studies stated that 
oral cancer risk seemed to be independent of the type of alcohol consumed, whereas 
other studies found certain types of alcoholic beverages increased oral cancer risk and 
other did not find any association. A case-control study from Trivandrum, India found 
that any type of alcohol increased the risk of oral cancer (Muwonge et al., 2008). Similarly, 
the case-control study by De Stefani et al., (2006) found that beer and hard liquor showed 
a higher risk of oral cancer compared to wine. In contrast, another case-control study 
from China reported an insignificant association between types of alcohol and oral cancer 
risk (Wang et al., 2015). 
 Alcohol consumption in Bangladesh is estimated to be much lower than the global 
average. Based on the Non-Communicable Disease Risk Factor Survey Bangladesh 2010, 
only 5.6% of Bangladeshi adults ever drank alcohol and only 2.0% of adults drank alcohol 
within the last year (Islam et al., 2017). However, alcohol consumption in Bangladesh is 
on the rise; an increase in local production, an increasing number of permits for alcohol 
sales and a massive amount of captures of illegal alcohol indicate the actual amount of 
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alcohol use might be much higher than officially reported (Gourab and Chowdhury, 2015). 
Again, research has yet to be conducted in Bangladesh to establish an association 
between alcohol drinking and the risk of oral cancer. 
  2.2.4.3 Joint effect of tobacco and alcohol 
Studies have shown that the oral cancer risk in individuals exposed to smoking and 
drinking in combination is often higher than the sum of the individual risk of each. Such 
additional risk occurs because of the dual exposure, which is termed as the interaction or 
joint effect (Petti et al., 2013). A large case-control study conducted by Antunes et al., 
(2013) showed the individual adjusted odds ratio for oral cancer risk was 1.41 (95% CI 
[1.02, 1.96]) for smoking and 0.78 (95% CI [0.48, 1.27]) for drinking. However, the 
synergistic effect of smoking and drinking showed the highest risk, OR = 8.16, 95% CI 
[2.09, 31.78]. This view is also supported by a multicentre case-control study (17 centres 
from America and study from 14 centres in Europe) that found 40% of oral cancer cases 
were attributed to the joint effect of smoking and consuming alcohol (Hashibe et al., 
2009). 
The joint effect of smoking and alcohol consumption in the South-Asia and Asia-
Pacific region is worsening with the added burden of SLT use. Tobacco in both forms, 
smoking and smokeless, is widespread in South-Asia (Gupta and Ray, 2004; Giovino et 
al., 2012). The likely joint effect of smoking–drinking–SLT use in the SEAR was first 
studied by Notani in (1988), who found that an individual who is exposed to multiple risk 
factors was 50 times more likely to have oral cancer compared to one who is not. A meta-
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analysis of observational studies in South-Asia revealed that the magnitude of the 
smoking–drinking–chewing interaction effects on oral cancer is significantly higher than 
individual effects (see Table 11; Petti, Masood and Scully, 2013). While estimating the 
interaction effects, the individual effects accounted for 6.7% (smoking), 3.1% (drinking) 
and 17.7% (chewing) of the risk, whereas the interaction effect accounted for the 
remaining 72.6%. This result suggests that each year among the 44,200 new oral cancer 
cases in South-Asia, 40,400 cases were exclusively associated with the interaction effects 
of smoking–drinking–chewing (Petti et al., 2013). 
Table 11: Pooled ORs and 95% CI for oral cancer adjusted for publication bias in the 




Drinking Chewing Pooled (OR) 95% CI 
Yes No No 3.63 1.94-7.04 
No Yes No 2.20 1.62-2.98 
No No Yes 7.90 6.71-9.30 
Yes Yes No 6.29 5.41-7.32 
Yes No Yes 16.02 13.67-18.75 
No Yes Yes 10.44 8.02-13.60 
Yes Yes Yes 40.09 35.06-45.83 
(Source: Petti, Masood and Scully, 2013) 
 In South-Asia, men are predominantly exposed to tobacco smoking and alcohol 
and women are exposed to SLT. Therefore, the joint effect of smoking–alcohol–chewing 
on oral cancer risk is likely to be more relevant to male users. This issue was identified in 
a case-control study from India (Gupta, Kumar and Johnson, 2017) that found the 
synergistic effects of smoking–drinking–chewing showed the highest risk, OR = 12.5, 
95% CI [4.61, 31.49], followed by smoking–chewing, OR = 8.64, 95% CI [2.63, 28.37] 
and chewing tobacco alone, OR = 7.65, 95% CI [3.12, 18.75]. The study findings 
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additionally showed no population attributable risk associated with alcohol use. However, 
the joint effects of chewing, smoking and alcohol drinking showed the highest population 
attributable risk at 86.82% (95% CI [72.20, 101.43]) among men. However, among 
women, the population attributable risk was only associated with SLT use, Attributable 
Fraction= 90.63%, 95% CI [80.01, 101.25] (Gupta et al., 2017). 
2.2.4.4 Oral health indicators 
Poor oral hygiene and oral health status were identified as possible independent 
risk factors for oral cancer. A pooled analysis of 13 studies consisting of 8,925 incident 
cases and 12,527 controls exhibited an inverse association between oral cavity cancer 
and missing less than five teeth, OR = 0.69, 95% CI [0.64, 0.76], annual dental visit, OR 
= 0.82, 95% CI [0.76, 0.89], daily toothbrushing, OR = 0.81, 95% CI [0.75, 0.88], and 
no-gum disease, OR = 0.83, 95% CI [0.77, 0.89] (Hashim et al., 2016). 
A case-control study from China included 317 cases and 297 controls reported 
similar findings (Chang et al., 2013). Poor dental care and poor oral health status 
(frequent gum bleeding and missing more than 20 teeth) were significantly associated 
with oral cancer risk after adjusting for cigarette smoking, alcohol drinking and BQ 
chewing. Overall, individuals with poor oral hygiene scores had a six-fold increased risk 
of oral cancer compared to those with good oral hygiene (Kawakita et al., 2017). 
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 Despite positive indications about the association between oral health indicators 
and oral cancer risk, several studies suggested that the association is likely to be 
confounded by other independent factors (e.g., tobacco and alcohol; Mathur et al., 2019). 
A recent multicentre case-control study from India showed that poor oral hygiene 
significantly increased oral cancer risk, OR = 14.74, 95% CI [6.49, 33.46] (Gupta et al., 
2017). However, the study failed to show the risk among non-SLT users, thus evidenced 
the residual effects of tobacco use. In contrast, a recent study among Chinese women 
(non-smokers and non-alcohol drinkers) found that wearing dentures, oral ulceration and 
a loss of more than five teeth were significantly associated with oral cancer (Chen et al., 
2017). 
 Chronic dental trauma or irritation resulting from sharp teeth, dentures and faulty 
restoration are frequently reported as possible oral cancer risk factors. For instance, a 
case-control study from India reported a 13-fold increased risk of oral cancer from dental 
trauma (Dholam and Chouksey, 2016). However, the researchers failed to consider the 
confounding effect of independent risk factors, such as tobacco and alcohol. To eliminate 
the potential confounding effect on the relationship between dental trauma and oral 
cancer development, Perry et al., (2015) examined the risk of oral cancer development 
among smokers and non-smokers. The researchers found that oral cancer occurred on 
the lateral border of the tongue from chronic dental trauma among 66% of non-smokers 
compared to smokers/ex-smokers (33%; p < .001). Table 12 lists several studies related 
to oral health indicators and risk of oral cancer development and their significant findings.
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Table 12: Previous case-control studies related to oral cancer risk from poor oral health 
Autor Region Design (case: 
control) 
Gender Matching Variables OR (95%CI) 




Age, gender Gum Bleeding 3.10 [ 1.21–7.90] 
Never visited dentist 2.50 [ 1.34–4.80] 
Daily mouthwash use 3.20 [1.62–6.30] 







Age, gender Bad oral hygiene 17.40 [5.85–51.68] 
Dental Trauma 13.42 [3.89–46.29] 
Chen et al., (2017) China Hospital-based 
case-control 
(250:996) 
Female Age Tooth brushing twice or 
more daily 
2.23 [1.14–4.34] 
Wearing denture 1.68 [1.08–2.62] 
The loss of more than five 
teeth 
2.84 [1.10–7.34] 
oral ulceration 5.77 [ 2.33–14.31] 









No dental visit 3.70 [2.51-5.45] 
Frq of teeth cleaning one 
time/day  
1.49 [ 1.11–1.99] 
≥5 missing teeth 1.49 [1.08-2.04] 





Age, gender No dental visit 2.86 [1.47-5.47] 
Brushing < 2 times daily 1.51 [1.02 -2.23] 
Frequent gum bleeding 3.15 [1.36-7.28] 
Loss of > 20 teeth 2.31 [1.05-5.07] 






Age, gender Gum Bleeding 3.94 [2.49–6.25] 
Freq. of teeth cleaning ≤1 2.16 [1.18–3.93] 
Using stick or finger to clean 
teeth 
1.29 [0.79–2.09] 
Cleaning substance 3.41[1.90–6.12] 
Dental check-up (only when 
had pain) 
3.84 [2.38–6.20] 
Missing teeth>5 2.04 [1.08–3.86] 
Oral Hygiene score 6.98 [3.72–13.05] 









Age, gender Missing teeth <5 0.69 [ 0.64–0.76] 
Annual dental visit 0.82 [ 0.76–0.89] 
Daily toothbrush 0.81 [0.75–0.88] 
No-Gum disease 0.83 [ 0.77–0.89] 
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2.2.4.5 Body mass index 
Tobacco and alcohol are two major risk factors of oral cancer. However, a large 
proportion of oral cancer patients exist who are non-smokers and non-drinkers, indicating 
that other factors may affect the risk of oral cancer (Gaudet et al., 2010). Previous studies 
have found that individuals with a lower BMI (body mass index) have a higher risk of 
developing oral cancer (Rodriguez et al., 2004; Kreimer et al., 2006; see Table 13). 
However, the independent effect of BMI on oral cancer is challenging to assess, as BMI 
is strongly affected by smoking and drinking alcohol. 
A large hospital-based case-control study of 375 incident cases and 375 age- and 
gender-matched controls from Spain found that a low BMI at diagnosis and 2 years prior 
to diagnosis were significantly associated with increased oral cancer risk, OR = 3.64, 95% 
CI [2.72,5.82] and OR = 3.31, 95% CI [2.04, 5.39], respectively (Nieto et al., 2003). 
However, when examined in relation to smoking status, the association lost its 
significance and was only significant for past smokers at the time of diagnosis. For current 
smokers, leanness was associated with an increased risk of oral cancer at any point in 
time. This indicates that due to exposure to an elevated level of carcinogens, smokers 
may suffer from weight loss as a result of nutritional deficiency. Therefore, low BMI could 
be the result of smoking (Plurphanswat and Rodu, 2014). Nevertheless, the results of this 
study must be considered with care, as the BMIs were self-reported and may question 
their validity because of potential recall bias. 
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Contrary to this finding, a large multicentre population-based case-control study, 
ICARE (International Cancer Alliance for Research and Education) study in France did not 
find any residual confounding effects from smoking and drinking (Radoi et al., 2013a). 
The study findings showed a reduced risk of oral cavity cancer among over-weight and 
obese people and even people who gained weight during their adulthood. After adjusting 
for smoking and drinking, those who were under-weight were six times more likely to 
have oral cancer compared to those who were obese, OR = 6.25, 95% CI [3.74, 10.45] 
(Radoi et al., 2013a). The adjusted OR for smoking and alcohol showed no residual 
confounding. 
Similar to the case-control study, a large population-based prospective cohort 
study among 5.24 million UK adults investigated the association between BMI and site-
specific cancer (Bhaskaran et al., 2014). The researchers found a low BMI is associated 
with a slight increased risk of oral cavity cancer, hazard ratio (HR) = 0.81, 95% CI [0.74, 
0.89]. However, the risk was driven by smoking status and disappeared among never 
smokers (Bhaskaran et al., 2014). The study found a heterogenic effect of BMI on 
different cancer sites, which indicates a different mechanism according to the type of 
cancer. 
As mentioned, the association between BMI and oral cancer is highly controversial 
and often mediated by both forms of tobacco (smoking and SLT) use. An early study from 
India found that all forms of tobacco use were associated with a lower BMI (<18.5 kg/m²; 
Pednekar et al., 2006). A large population-based prospective study from Bangladesh did 
not find any relation between BMI and BQ use (most usual form of SLT use in Bangladesh; 
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Heck et al., 2012). However, BQ is alleged to moderate metabolic signals that control the 
appetite, resulting in suppressing hunger and increase the risk of malnutrition (Javed et 
al., 2010). Moreover, a recent study from Bangladesh showed an association of both 
smoking and SLT with a lower BMI (Mitra et al., 2018). Given the controversy of the 
relationship between BMI and oral cancer, it is highly likely BMI may play a key role in 
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Table 13: Previous studies related to oral cancer association with BMI 
Autor Region Design (case: 
control) 
Gender Matching Variables OR (95%CI) 








Age, gender Under-weight (<18.5 kg/m²) 6.25 [3.74-
10.45] 
Over-weight 2 years before 
interview (25 -29.9 kg/m²) 
0.53 [0.42-0.68] 



















Obese, >30 kg/m2 0.43 [0.33–0.57] 










Whites: Under-weight <18.5 
kg/m² 
1.48 [0.60-3.65] 
Whites: Obese ≥30 kg/m² 1.34 [1.02-1.76] 




African American ≥30 kg/m² 0.47 [0.28-0.79] 















Age, gender Low BMI (Never tobacco use) 2.5 [1.6-4.0] 
Medium BMI (never tobacco 
use) 
1.7 [1.1-2.6] 
Low BMI (never used alcohol) 2.6 [2.0-3.5] 












Age, gender BMI ≥ 26.73 kg/m² 0.28 [0.14-0.56] 
BMI 24.22 – 26.72 kg/m² 0.47 [0.24-0.88] 









Age, gender At diagnosis: ≤22 kg/m² 3.64 [2.72-5.82] 
At diagnosis: 25-23 kg/m² 1.84 [1.22-2.76] 
Two years before: ≤22 kg/m² 3.31 [2.04-5.39] 
Two years before: 25-23 
kg/m² 
1.65 [1.11-2.47] 
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2.2.4.6 Diet and nutrition 
Dietary deficiency is thought to contribute to 11%–15% of oral cavity cancer cases 
(Radoi and Luce, 2013). The independent effect of both excessive and deficiencies of 
several food groups and nutrients were studied extensively in previous studies. A large 
multicentre case-control study from Italy looked at major dietary patterns, namely animal 
products, starch-rich, vitamins and fibre, unsaturated fats and retinol and niacin, and 
their relationship with oral cancer risk (Edefonti et al., 2010). The study results showed 
that the animal products were positively associated with oral cancer for the highest vs 
lowest quintile, whereas the starch-rich diet, the vitamins and fibre pattern and the 
unsaturated fats were inversely associated with oral cancer (see Table 14). An overall 
diet rich with the animal products and animal fat is associated with an increased risk of 
oral cancer, whereas a diet rich in fruit, vegetables and vegetables/fats reduced oral 
cancer risk (Edefonti et al., 2010). 
The reduced risk of oral cancer from vegetable- and fruit-rich diets is consistent 
with previous studies. However, the actual mechanism of the anti-carcinogenic effect of 
vegetables and fruits is still not clear. The most possible explanation is that many anti-
carcinogenic components are found in vegetables and fruits, such as vitamins, fibre, 
folate, carotenoids and flavonoids. Some of these components are antioxidants and act 
as a protection against oxidative stress and facilitate DNA repair (IARC, 2012). 
Previous studies also demonstrated the protective effect of micro-nutrients against 
oral cancer. A recent multicentre case-control study from Switzerland and Italy found 
significant inverse relations between micro-nutrients and oral cancer risk. These included 
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the following: vegetable protein, OR = 0.45, 95% CI [0.29, 0.70], highest vs. lowest 
quintile; β-carotene, OR = 0.28, 95% CI [0.18, 0.43]; lutein and zeaxanthin, OR = 0.34, 
95% CI [0.23, 0.51]; vitamin E, OR = 0.26, 95% CI [0.16, 0.43]; and vitamin C, OR = 
0.40, 95% CI [0.25, 0.63]. Additionally, a positive association was reported between 
saturated fatty acids, animal fat, cholesterol intake and oral cancer risk (see Table 14; 
Bravi et al., 2013). Overall, when combined with heavy smoking and alcohol drinking, low 
consumption of fruits and vegetables and high consumption of red meat led to a 10–20-
fold excess risk of oral cancer (Bravi et al., 2013). 
 The oral cancer risk associated with dietary patterns is likely to be higher among 
smokers and alcohol drinkers. A recent case-control study of 930 oral cancer cases and 
2,667 frequency matched controls revealed that less intake of domestic meat (<3 times 
per week), fish (<3 times per week), seafood (<3 times per week), leafy vegetables (<1 
times per day), other vegetables (<1 times per day), fruits (<3 times per week), milk and 
dairy products (<1 time per week) and eggs (<5 times per week) increased oral cancer 
risk significantly (Chen et al., 2017b). When stratified by tobacco and alcohol use status, 
smokers and alcohol drinkers had higher risk compared to non-smokers and non-alcohol 
drinkers and a significant multiplicative interaction between dietary score, smoking and 
drinking was found. 
 Contrary to the possible confounding effect of tobacco and alcohol, some studies 
did not observe such an effect on oral cancer risk associated with dietary patterns. A 
large cohort study from the Netherlands found that the consumption of vegetables and 
fruits were associated with a lower risk of HNC (Maasland et al., 2015). The association 
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was strongest with oral cavity cancer, OR = 0.46, 95% CI [0.27, 0.81], and this 
association was not modified by cigarette smoking or alcohol drinking status. 
Researchers have examined several types of diets by region and their relationship 
with oral cancer risk. The Mediterranean diet, typically from Italy, Southern France, 
Greece, Spain and Morocco and characterised by frequent consumption of mixed 
vegetables and fruit, cereals, fish and seafood, olive oil, moderate alcohol consumption 
and relatively low consumption of meat and dairy products, showed a decreased risk of 
oral cancer from regular intake (Filomeno et al., 2014). The study findings showed that 
an increasing level of the Mediterranean diet was associated with a lower risk of oral and 
pharyngeal cancer. The odds ratio for subjects scoring six or higher on the Mediterranean 
diet score compared with two or less was 0.20 (95% CI [0.14-0.28]; see Table 14; 
Filomeno et al., 2014). 
Evidence is limited concerning oral cancer risk related to the South-Asian diet. In 
general, the South-Asian diet is characterised by spicy food, curry, vegetables, fish, rice, 
grains and meat. However, the diversity of diet across the region and within the country 
requires extensive research to look at the risk of oral cancer from different forms of the 
diet. The majority of previous studies related to diet and oral cancer risk are from India. 
A large percentage of Indians, particularly Hindus, are vegetarian and avoid meat and 
fish. A lower risk of oral cancer was observed among vegetarians compared to non-
vegetarians in India (Gupta et al., 2012). Nevertheless, traditionally, rural residents of 
India consume a high amount of ghee (clarified butter with a high content of saturated 
fat), which is likely to increase oral cancer risk (Hebert et al., 2002). A recent case-control 
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study from India reported a protective effect of eating yellow vegetables (carrot, 
pumpkin, sweet potatoes and corn), cruciferous vegetables and citrus fruits once a week 
(Gupta et al., 2017). In addition, an increased risk of oral cancer was observed for 
individuals who consumed red meat and very spicy food more than once a week (see 
Table 14). Gupta and colleagues also reported a higher risk of oral cancer from drinking 
very hot tea, OR = 3.19, 95% CI [1.99, 5.11], and a similar finding was reported in a 
case-control study from Southern India (Rajkumar et al., 2003). However, Rajkumar et 
al., (2003) found that the higher risk of oral cancer from a low intake of vegetables was 
higher among smokers, indicating the residual effect of tobacco. 
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Table 14: Previous case-control studies related to oral cancer risk and diet 
Autor Region Design (case: 
control) 
Gender Matching Dietary factors 
 
OR (95% CI) 









Leafy vegetables <1 per day 3.91 (2.98–5.14) 
Fruits < 3 times per week  3.00 (2.53–3.56) 
Lowest dietary score (smokers)  7.32 (4.59-
11.68) 
Lowest dietary score (alcohol)  6.93 (3.92–
12.26) 











All vegetables  0.19 (0.13–0.29) 
All fruits  0.39 (0.26–0.59) 
Animal fat 2.47 (1.71–3.57) 
Vegetable fat 0.54 (0.37–0.78) 
Red meat  1.55 (1.04–2.31) 











ªMDS 0-2 1.0 
MDS 3 0.46 (0.33–0.65) 
MDS 4 0.45 (0.32–0.63) 
MDS 5 0.26 (0.18-0.28) 
MDS 6-9 0.20 (0.14-0.28)  











MDS <3 0.52 (0.38–0.71) 
MDS 3 0.41 (0.30–0.57) 
MDS 4 0.35 (0.24–0.50) 
MDS 5 0.40(0.26–0.62) 
MDS ≥ 6 0.77 (0.71–0.83) 
Gupta et al., 
(2017) 







Yellow veg (> once a week) 0.23 (0.13–0.38) 
Cruciferous veg (> once a 
week) 
0.37 (0.23–0.60) 
Citrus fruits (> once a week) 0.49 (0.30–0.80) 
Red meat (> once a week) 2.34 (1.34–4.09) 
Very spicy food 1.79 (1.12–2.87) 
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Autor Region Design (case: 
control) 












Red meat ≥2 in a week 1.54 (1.00-2.37) 
Ham ≥2 in a week 4.40 (2.88-6.71) 











Animal Products (high vs low 
quantile)  
1.56 (1.13–2.15) 
Starch-rich (high vs low 
quantile) 
0.71 (0.50– 0.99) 
Veg and fibre (high vs low 
quantile) 
0.47 (0.34–0.65) 
Unsaturated fat (high vs low 
quantile) 
0.63 (0.45–0.86) 
a MDS (Mediterranean diet score)
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2.2.4.7 Family history of cancer 
 
 Previously, little attention was paid to the possible association of a family history 
of cancer and oral cancer risk. However, several case-control studies stated that a family 
history of cancer might be a risk factor for oral cancer. The ICARE study, a large 
population-based case-control study (689 cases: 3,481 controls) from France reported 
that a history of HNC among first-degree relatives is associated with an increased risk of 
oral cancer, OR =1.9, 95%CI [1.2, 2.8]. Additionally, this risk was higher among subjects 
who smoke, OR = 2.7, 95% CI [1.8, 3.4], drink alcohol, OR = 2.6, 95% CI [1.2, 3.3], 
and had first-degree relatives with HNC (Radoi et al., 2013b). In the same vein, a large 
case-control study from Italy and Switzerland reported an increased risk of oral and 
pharyngeal cancer among subjects whose first-degree relative had a history of laryngeal 
cancer (Turati et al., 2013). 
 The increased risk of oral cancer based upon a family history of cancer could be 
due to shared environmental exposure to the established risk factor, such as tobacco and 
alcohol. However, a previous study showed the risk of oral and pharyngeal cancer 
increased moderately with a family history of lung cancer and was not associated with a 
family history of cancer associated with alcohol and tobacco use, for example, liver or 
oesophagus cancer (Pelucchi et al., 2006). Hence, such findings suggest that tobacco and 
alcohol use cannot explain the association between increased risk of oral cancer and a 
family history of cancer. However, this claim had been strongly opposed by Brown et al., 
(2001) who showed the risk of oral cavity cancer increased for subjects whose first-
134 | P a g e
degree relatives had a history of oral cavity cancer, OR = 2.5, 95% CI [0.80, 8.00], and 
UADT (Upper aerodigestive tract) carcinoma, OR = 2.6, 95% CI [1.4, 4.8]. 
An elevated risk of oral cancer based upon a family history of UADT cancer is 
higher among subjects with conventional risk factors, such as tobacco and alcohol use 
and infrequent intake of vegetables and fruits. The highest risk was observed among 
subjects who were heavy drinkers and smokers and with a family history of UADT cancer, 
OR = 60.4, 95% CI [21.0, 174.0] (Brown et al., 2001). In line with this finding, an early 
study by Goldstein et al., (1994) found that increased risk of oral cancer is attributable to 
environmental factors (tobacco, alcohol) and increased risk of oral cancer was associated 
a family history of smoking-related cancer among male but not female relatives. This 
inconsistency of the effect of tobacco and alcohol in relation to a familial history of cancer 
and oral cancer risk was further clarified by Gravello et al., (2008). The researchers found 
that a history of oral and pharyngeal cancer and laryngeal cancer among family members 
were strong predictors of the risk of oral and pharyngeal cancer and independent from 
tobacco and alcohol. For the non-smokers and non-drinkers with a family history of oral 
and pharyngeal cancer, their odds ratio was 1.9 (95% CI [0.80, 4.5]). However, the risk 
was subsequently higher among subjects whose first-degree relatives had a history of 
oral and pharyngeal cancer and the subjects were heavy smokers and drinkers (OR = 
42.5, 95% CI [18.2, 99.8]; Garavello et al., 2008). Therefore, a familial aggression of oral 
cancer is most likely attributed to a family history of oral, pharyngeal and laryngeal cancer 
and the risk is subsequently higher among subjects with a history of smoking and alcohol 
drinking and a lower intake of vegetables and fruits. 
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2.2.4.8 Viral infection 
 
 The aetiology of oral cancer is complex and involves many factors. Most cited 
established risk factors are SLT, smoking and alcohol consumption (IARC, 2012). 
However, many subjects develop oral cancer without exposure to these significant risk 
factors, thereby emphasising the role of oral hygiene factors, genetic susceptibility and 
oncogenic viruses. Concerning viruses, although the relationship between HPV and oral 
cancer has been studied extensively, findings have been inconsistent and contradictory. 
  A large multicentre hospital-based case-control study from Canada with 460 
incident cases and 458 frequency matched controls showed that HPV infection was 
present in 41.2% cases of oral cancer compared to 14.5% of controls. HPV 16 was the 
most predominant genotype and presented in 6.9% oral cancer cases and was associated 
with a three-fold increased risk of oral cavity cancer, OR = 3.43, 95% CI [1.01, 11.66]. 
Nevertheless, this risk was higher for oropharyngeal cancer compared to oral cavity 
cancer, OR = 47.23, 95% CI [23.10, 96.57] (Laprise et al., 2017).  
  Several studies among young adults without other traditional risk factors (tobacco 
and alcohol) showed high-risk HPV was not associated with oral squamous cell carcinoma. 
For instance, a study among young adults with no history of smoking and alcohol drinking 
showed that only one case (1.3%) had a positive HPV result (Poling et al., 2014). This is 
consistent with studies conducted by Braakhuis et al., (2014) and Bragelmann et al., 
(2013), who did not find any trace of HPV infection among young oral cancer patients 
(non-smokers and non-drinkers). 
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To examine the possible risk of oral cancer from HPV, the IARC conducted a 
multicentre hospital-based case-control study in nine countries: Italy, Spain, Northern 
Ireland, Poland, India, Cuba, Canada, Australia and Sudan (Herrero et al., 2003). Results 
showed HPV DNA was detected in only 3.9% of 766 oral cancer cases compared to 18.3% 
of oropharyngeal cases and HPV 16 genotype was the most common type found in HPV-
positive case patients. Additionally, the presence of HPV DNA was common among non-
smokers, non-chewers and non-drinkers compared to smokers, chewers and drinkers and 
more common among cases who had more than one sexual partner and practised oral 
sex, suggesting sexual transmission. 
Some studies suggested a stronger association between HPV and tonsillar cancer 
compared with other subsites for oral cancer. In light of this, a case-control study from 
Canada confirmed the independent association between HPV infection and oral cancer 
and found that the association was stronger in tonsil-related cancer compared to other 
types of oral cancer (Pintos et al., 2008). After adjustment for age, sex, schooling, race, 
religion, language, tobacco smoking and alcohol drinking the odds ratios of HPV infection 
were 19.32 (95% CI [2.3, 159.5]) for tonsil-related cancer and 2.14 (95% CI [0.4, 13.0]) 
for non-tonsillar oral cancer (Pintos et al., 2008). 
Although findings have mostly been confirmatory and the aetiological role of HPV 
infection in oral cancer is well documented, this role varies widely among different 
subsites of cancer, genders and geographical regions. A large case-control study from 
Kerala, South-India did not find any HPV infection among oral cancer patients and 
controls (Laprise et al., 2016). Studies from another part of India (Gujrat and Mumbai) 
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also reported the absence of HPV infection among oral cancer patients (Pathare et al., 
2011; Patel et al., 2014). Safer sexual behaviour that may stem from religious norms in 
India may have contributed to this null finding, as the study from South-India reported 
that nearly 90% of oral cancer patients and controls had only one-lifetime sexual partner, 
suggesting that risky sexual behaviour is low and this explains the lower transmission of 
HPV infections. 
Findings from studies conducted in Bangladesh on HPV-related oral cancer are 
contradictory. Only two comprehensive studies have examined the possible presence of 
HPV infection among oral cancer patients. One study, a case-series analysis of 34 oral 
cancer patients, looked at the presence of high-risk HPV genotypes (HPV 16 and HPV 18; 
Akther et al., 2013). The study results suggested HPV infection among Bangladeshi oral 
cancer patients was near absent (only one specimen was HPV-positive). However, a more 
recent study conducted by Shaikh et al., (2017) revealed that out of 55 oral cancer 
patients, 11 (31%) cases were HPV-positive. Further, the result showed the same trend 
as other Western country studies: HPV infection was more common in cancer of the 
oropharynx and HPV 16 was the predominant genotype (Shaikh et al., 2017). 
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2.2.5 Smokeless tobacco use and oral cavity cancer 
 
2.2.5.1 Biochemical mechanism of oral carcinogenicity of smokeless tobacco 
 
 More than 30 types of carcinogens exist in SLT, including TSNAs, nitrosoamino 
acids, polycyclic aromatic hydrocarbons, aldehydes and other metals (IARC, 2008). Using 
SLT is the highest known non-occupational human exposure to nitrosamine and is 100–
1,000 times higher than exposure from regular foods and beverages. According to IARC 
monograms, every gram of commonly known SLT contains 1–5 μg of NNK and NNN, two 
recognised human carcinogens. In a comprehensive study, Stepanov et al., (2005) 
identified the carcinogens in SLT from Indian subcontinents. They looked at the level of 
four tobacco-specific nitrosamines: NNN, N-nitrosoanatabine, N-nitrosoanabasine and 
NNK. The highest level of TSNAs was observed among different brands of zarda and 
khaini. The concentration of NNN and NNK in these products ranged from 1.74–76.9 and 
0.08–28.4 ųg/g, respectively (Stepanov et al., 2005). Zarda is also the most common 
type of SLT product used in Bangladesh (Huque et al., 2018). 
 The amount of NNN and NNK uptake in humans is determined by the detection of 
these carcinogens in one’s urine. According to Belinsky et al., (1990), 20 years of 
continuous SLT use exposes an individual to 75–150 mg, or about 1.5 mg/kg bodyweight, 
of NNK, similar to the amount causing tumours in rats (1.8 mg/kg body weight), in 
addition to substantial exposure to NNN. The target tissue of cancer among SLT users 
resembles those seen in rats exposed to NNK and NNN (Bofetta et al., 2008). 
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Several authors have suggested the mechanism of carcinogenicity of SLT. One of 
the most cited studies is that of Bofetta et al., (2008), which was adapted from Hecht 
(1999). Befetta et al. mentioned that people start using SLT at an early age because of 
peer pressure and the extensive marketing strategies of tobacco companies, and over 
time they become addicted to nicotine and cannot give up SLT. Nicotine is not 
carcinogenic, but every portion of SLT contains 30 different types of carcinogens with a 
high amount of NNK and NNN. All SLT users take up these carcinogens and ingest them 
into their bodies. This process triggers the metabolic activation of carcinogens and the 
formation of DNA adducts, which are carcinogenic metabolites bound covalent to DNA. 
In the next stage after subsequent mutations, they may ultimately lead to oral cancer 
(see Figure 8) 
Figure 8: Conceptual model of smokeless tobacco carcinogenesis. Source: Bofetta et al., 
(2008). 
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2.2.5.2 Epidemiological evidence of oral cancer from smokeless tobacco use 
 
 
Evidence from Europe and America 
 
The risk of having oral cancer from SLT use varies extensively worldwide. Available 
evidence from different epidemiological studies in the United States and Europe support 
a weak but causal relationship between SLT use and oral cancer. A comprehensive meta-
analysis of 32 epidemiological studies concluded a minor increased risk of oral cancer 
resulted from SLT use, with a pooled odds ratio 1.87 (95% CI [1.40, 2.48]; Weitkunat et 
al., 2007). However, findings from American studies related to SLT use and oral cancer 
are inconsistent with imprecise estimations with limited control with smoking. While 
adjusting for smoking status, a recent review among American studies found strong 
association between ever tobacco chewing and oral cancer (OR = 1.81, 95% CI [1.04, 
3.17]; Wyss et al., 2016). 
 Contrary to the American studies, Scandinavian studies did not observe an 
increased oral cancer risk among snus users. A large cohort study among 125,576 non-
smoking Swedish males reported an increased risk of pancreatic cancer in never-smoking 
snus users, RR = 2, 95% CI [1.2, 3.3], compared with never users of any tobacco but 
unrelated to the incidence of oral cancer, RR = 0.80, 95% CI [0.4, 1.7], (Luo et al., 2007). 
Similar findings were reported in a large cohort study among 10,136 Norwegian men, in 
that the risk of having oral and pharyngeal cancer among snus user compared to non-
users was minimal, RR = 1.10, 95% CI [0.50, 2.41], (Boffetta et al., 2005). A possible 
explanation of this estimate in the Scandinavian country could be the new standard of 
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snus manufacturing and storage adopted in the late 1990s (NCI and CDC, 2014). 
Therefore, the effects of long-term exposure to this new snus are still unknown. 
Evidence from the African region 
In general, limited data are available related the adverse effects of SLT use on oral 
health in the African region. Since 1990, no large population-based study has been 
conducted on oral cancer incidence among South Africans (NCI and CDC, 2014). 
However, few studies have been conducted in the North African region, namely in Sudan. 
An early retrospective study among 3,670 Sudanese indicated that toombak (oral snuff, 
known locally as toombak, homemade from finely ground leaves of tobacco) users are 
seven times more likely to have oral cancer compared to non-users and that risk can 
increase by 11-fold among long-term users (Idris et al., 1995). A previous review of 33 
studies from Sudan concluded that toombak use plays a key role in causing oral cancer 
in Sudan because of its potent carcinogenicity and synergistic factors that enhance the 
carcinogenesis of other risk factors, such as smoking (Ahmed, 2013). However, the 
gender specificity of oral cancer from toombak use was opposite to the South-Asian 
region, where men had a higher frequency of oral cancer compared to women. Notably, 
95% of toombak users in Sudan are male and female use is considered a social stigma 
(Ahmed, 2013). 
142 | P a g e  
 
 
Evidence from Eastern Mediterranean countries 
 
 The locally produced SLT product known as shammah (made from the mixture of 
tobacco powder, slaked lime, ash, oil, black pepper and other flavouring agents) is widely 
consumed in the Eastern Mediterranean region, such as Yemen and Saudi Arabia 
(Bakdash, 2017). Most studies from Arab countries focused on oral cancer risk from 
shammah use. A recent pooled analysis of studies from the Middle East and North Africa 
showed that the odds of developing oral cancer among shammah users was nearly 39 
times higher compared to the non-users, OR = 38.74, 95% CI [19.50, 76.96] (Quadri, 
Tadakamadla and John, 2019). A previous case-control study from Yemen demonstrated 
shammah was a major risk factor of oral cancer (see Table 15; Nasher et al., 2014). 
Another hospital-based retrospective study in Yemen found that 76.1% of oral cancer 
patients had a history of using shammah (Sawair et al., 2007). 
 Frequent use of shammah also was attributed to a higher incidence of oral cancer 
in the KSA (Kingdom of Saudi Arabia). Oral cancer is the third-most common malignancy 
in the KSA and is associated with 89% of oral cancer cases (Alsanosy, 2014). A previous 
case-control study from the KSA concluded that shammah use increases oral cancer risk 
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Evidence from South-East Asia 
The risk of oral cancer from SLT use has been studied extensively in SEAR. 
Compared with studies from Europe and America, studies from the South-Asian region 
reported a higher risk of oral cancer associated with SLT use. This variation of oral cancer 
risk estimates from other regions can partly be explained by the chemical contents of 
different SLT products, particularly TSNAs and their usage (Gupta et al., 2018). 
A review of 37 studies from six WHO regions reported that the highest risk of oral 
cancer of SLT was observed in the SEAR, OR = 4.44, 95% CI [3.51, 5.61], and the risk 
was higher among women, OR = 5.83, 95% CI [2.93, 11.58]. Additionally, using gutkha, 
OR = 8.67, 95% CI [3.59, 20.93], and betel liquid, OR = 7.18, 95% CI, [5.48, 9.41], 
showed the highest oral cancer risk in this region (Asthana et al., 2018). In another meta-
analysis of South-Asian studies, higher oral cancer risk in this region was associated with 
BQ use OR= 7.1, 95% CI [4.5-11.1] and odds were higher among women than men, 
men odds ranged between 1.2 to 5.8 and among women 6.4 to 25.3 (Khan, Tönnies and 
Müller, 2014) 
A recent hospital-based case-control study from India reported an eight-fold 
increase risk of oral cancer among ever SLT users compared to never user, OR = 8.51, 
95% CI [4.90, 14.77] (Gupta et al., 2017). The association between SLT use and oral 
cancer risk in India also showed a gender difference. A recent review of Indian studies 
by Sinha et al., (2016) showed women in India had a higher risk of developing oral cancer 
from SLT use compared to men (OR = 12 vs. 5.20). Interestingly, SLT use is higher 
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among men than women in India (29.6% vs 12.8%: WHO, 2018b). Similar oral cancer 
risk was observed in Pakistan, where women had a 29-fold increased risk of mouth cancer 
from SLT use compared to 21-fold in men (Khan et al., 2017). 
 Although many studies from neighbouring countries, such as India and Pakistan, 
examined the risk of developing oral cavity cancer from SLT use, a study has yet to be 
conducted to establish the risk factors of oral cancer in Bangladesh. As mentioned in 
Chapter 1, Bangladesh is the home to more than 22 million SLT users (WHO, 2017). 
Therefore, the burden of oral cancer related to SLT use is expected to be substantial. 
Also, the type and chemical content of SLT varies extensively among countries and even 
within countries, making the generalisability of study findings from other neighbouring 
countries problematic in the Bangladeshi context (NCI and CDC, 2014). 
 
 Patterns of smokeless tobacco use and its association with oral cancer 
 
 Previous studies have emphasised the dose-response relationship between SLT 
and oral cancer incidence, with a higher frequency and longer duration of SLT use being 
associated with an increased risk of oral cancer. A recent study in India demonstrated a 
linear dose-response association between oral cancer and SLT use for age at initiation, 
total duration of use and frequency of chewing per day (p <.001; Gupta et al., 2017; see 
Table 15). When compared with never users, the risk of oral cancer for those who started 
using SLT at the age of 15 years or younger was 11-fold and decreased to just over 2-
fold for those who started at age 20 years or older. Similarly, for duration of chewing, 
the risk of oral cancer increased by five-fold for those who used SLT for 10 years or fewer 
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and increased to more than double for those who used SLT for more than 40 years. Also, 
the risk of oral cancer increased by 2-fold for those who chewed SLT 1–5 times per day 
to nearly 42-fold for those who chewed more than ten times a day (Gupta et al., 2017). 
Similar to the Indian study, a case-control study from Pakistan reported a dose-
response relationship between SLT and oral cancer (Khan et al., 2017). The study findings 
showed that 1–10 pack-years of naswar use is associated with a 12-fold increased risk of 
oral cancer and for 20-pack-years, the risk increased to nearly 30-fold (see Table 15). 
However, this finding should be interpreted with caution due to a large variance in the 
reported confidence intervals. Contrary to the studies from South-Asia, a case-control 
study from New England did not observe a statistically significant association between 
lifetime duration of SLT use and oral cancer risk (p =.19). Moreover, a non-significant 
association was also reported for an average frequency of SLT per week (p =0.61; Zhou 
et al., 2013). 
In Bangladesh, the dose-response relationship between SLT use and oral cancer 
has yet to be investigated. However, a recent case-control study by Rahman et al., (2012) 
examining the association between coronary heart disease and SLT use revealed that 
mean duration of SLT use was highest among sadapata users (28 years; range = 3–60 
years) followed by gul users (17 years; range = 0.5–45 years) and zarda users (16 years; 
range = 0.1–55 years). A similar intensity was reported in another study: 57.7% of zarda, 
6% of sadapata and 6.4% of gul users were heavy users (used at least once per day). 
Moreover, among current SLT users, 37.1% of zarda, 5% of sadapata and 4% of gul 
users used the products for over 10 years (Rahman et al., 2015). A previous GATS report 
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from Bangladesh (2009) demonstrated that just over one-third of current users (37%) 
used SLT products 5–9 times a day and 30.9% used it less than five times a day. Given 
the intensity and long duration of SLT use in Bangladesh, the dose-response relationship 
between SLT use and risk of oral cancer is expected to be significant. 
 Betel quid chewing and oral cancer risk 
Globally, after the tobacco, alcohol and caffeine consumption, BQ chewing is the 
fourth-most popular psychoactive habit and used by 600 million people around the world 
(Chen et al., 2017). It is a masticatory mixture and the preparation varies widely around 
the world. However, areca nut (betel nut), slaked lime (calcium oxide and calcium 
hydroxide) and a leaf of piper betel leaf are the key components with other sweetening 
and flavouring ingredients added. In South-Asia, tobacco is added with BQ, mostly in 
Bangladesh, India and Pakistan. However, it has never been added in other BQ using 
countries including China, Taiwan and Papua New Guinea (IARC, 2004). Based on the 
available evidence, the IARC (1985) classified BQ with or without tobacco as Group I 
carcinogens to humans and reported an elevated risk of oral cancer. 
Majorities of the studies that explored the association between BQ chewing and 
oral cancer risk were from India. There were few from Pakistan and pacific region. 
Although a variety of ingredients are added to BQ according to local preference, existing 
studies have not offered a distinct evaluation of each ingredient. Based on available 
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results, the only conceivable difference is whether tobacco is added with BQ (Radoi and 
Luce, 2013). 
The association between BQ chewing and oral cancer risk was first reported in 
1933 and was based on study of 100 oral cancer patients from India (Thomas and 
Kearsley, 1933). In Asia, the risk of oral cancer from BQ chewing with or without tobacco 
appeared to be stronger than smoking or drinking alcohol.  A previous meta-analysis of 
50 publications showed that the risk of oral cancer from BQ without tobacco in South-
Asia was 2.56 (95% CI [2.00, 3.28]; 15 studies) and 7.74 (95% CI [5.38, 11.13]; 31 
studies) for BQ with tobacco (Guha et al., 2014). In another hospital-based case-control 
study from Southern India, also known as the HNC (HeNCe) Life Study, found that 72.5% 
cases and 17.5% controls used SLT. The study concluded that BQ chewers were 11-times 
more likely to develop oral cancer compared to non-users and the significance remained 
after adjusting for other confounders (see Table 15; Madathil et al., 2016). However, this 
study failed to characterise, whether tobacco was added with the BQ or not. Also, former 
BQ chewers had shown higher risk of developing oral cancer (12-fold) than current users 
(11-fold), suggesting reverse causality.  
Similar to Indian study, a multicentre case-control study from Karachi, Pakistan 
also found a significant association between oral cancer and BQ chewing (Merchant et 
al., 2000). After adjusting for the confounders, the odds of oral cancer among BQ with 
tobacco chewers was 9.9 (95%CI: 1.76, 55.62) and those using BQ without tobacco was 
8.4 (95%CI: 2.31, 30.64). However, these estimates were not precise as with large 
confidence interval (see Table 15; Merchant et al., 2000).  
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The increased risk of oral cancer associated with BQ without tobacco is likely to be 
associated with one of the key ingredients: areca or betel nut. Areca nut is the seed of 
the oriental palm, also known as areca catechu, and is widely used as the basic ingredient 
of BQ, used with other SLT products or used alone. Based on epidemiological studies, the 
IARC (2004) defined areca or betel nut as Class-I carcinogens to humans. In most South-
Asian countries, areca nut is used in BQ with tobacco, which makes it more difficult to 
determine the effect of areca nut alone because adding tobacco to BQ acts as a 
confounder (Warnakulasuriya, Trivedy and Peters, 2002).  
Countries, such as Taiwan, where tobacco is not added to BQ provide a better 
indication of the carcinogenicity of areca nut. A hospital-based case-control study among 
Taiwanese males reported a strong positive association between BQ without tobacco and 
oral cancer risk, OR = 6.31, 95% CI [3.98, 10.00], and for BQ with betel inflorescence 
OR = 6.72, 95% CI [3.38, 12.99] (Wu et al., 2016). Similar findings were reported in 
Papua New Guinea, where tobacco is not added to BQ and chewing BQ was associated 
with a more than two-fold increased risk of oral cancer, OR = 2.47, CI 95% [1.13, 5.40] 
(Thomas et al., 2007). The high-risk among Taiwanese men is likely to be the synergistic 
effect of betel nut and smoking, as 90% of Taiwanese betel nut chewers are also smokers 
(Wen et al., 2010). 
In contrast, several studies observed a non-significant or only moderately 
significant association between chewing BQ without tobacco and oral cancer incidence. A 
previous case-control study by Muwonge et al., (2008) found a weak or borderline 
association between BQ chewing without tobacco and oral cancer incidence. Similarly, 
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Dikshit and Kanhere (2000) found that tobacco chewers had a six-fold increased oral 
cancer risk. Notably, although non-tobacco chewers also had an increased risk, the 
association was not statistically significant. These results need to be interpreted with 
caution as the sample only included 16 subjects who chewed BQ without tobacco. Hence, 
the estimation may not be precise. 
Among all HNC subsites (oral cavity, oropharynx, hypopharynx and larynx), oral 
cavity appeared to be at the highest risk of developing cancer from BQ chewing. An 
extensive case-control study from East Asia including eight centres revealed that the risk 
of developing cancer from BQ chewing was highest in the oral cavity, OR = 18.5, followed 
by the larynx (OR = 5.87) and oropharynx (OR = 5.47; Lee et al., 2018). 
Gender difference was observed for oral cancer risk assoctiated with BQ chewing 
and the risk was higher among women, a finding supported by Guha et al., (2014) in 
their meta-analysis. Thet study reported a higher risk of orla cancer for women, mmR = 
23.06, 95% CI [5.94, 89.58], than men, mmR = 4.92, 95% CI [3.88, 6.24]. Moreover, 
they found BQ chewing to be responsible for 63.2% of all oral cancer cases among women 
(PAF%; attributable cases). The gender difference of oral cancer risk associated with BQ 
chewing was also mentioned in the case-control study by Muwonge et al., (2008), who 
found women had higher risk than men (for BQ without tobacco, OR = 5.4 vs OR = 3.3, 
respectively: for BQ with tobacco, OR = 11.8 vs OR = 3.4, respectively). 
A linear dose-response relationship was observed between amount of BQ chewed 
per day and total duration of use. A comprehensive systematic review of case-control and 
cohort studies from the South-Asian region demonstrated that odds of oral cancer for 
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chewing five quids a day was 3.3 and this increased to 24.7 for those chewing 10 quids 
a day. Additionally, the odds of developing oral cancer for BQ chewing for 10 years was 
3.4 and increased to 14.6 for those chewing for 20 years (Awan and Patil, 2016). Similarly, 
a multicentre case-control study from India found that 19 years of BQ chewing increased 
oral cancer risk by three-fold and it increased by five-fold for those chewing 40 years or 
more. Further, chewing BQ five or more times per day showed an 11-fold increased risk 
of oral cancer compared to two-fold for 1–3 quids per day (Znaor et al., 2003). 
Starting BQ from an early age also increased oral cancer risk. In an early study 
investigating the role of BQ chewing in developing oral cancer, BQ chewing at an early 
age was associated with a five-fold elevated risk in women but was statistically 
insignificant among men (Balaram et al., 2002). The possible effect of quitting BQ was 
reported in several studies, but the result was inconclusive, as Balaram et al., (2002) did 
not find any clear decline of oral cancer risk after quitting BQ. However, Znaor et al., 
(2003) found that quitting for more than 10 years showed a significant reduction of oral 
cancer risk. 
In Bangladesh, BQ is usually chewed with tobacco. The majority BQ users in 
Bangladesh use tobacco. A large cohort study among 202,874 Bangladeshi adults showed 
that 80.4% of ever chewers chewed BQ with tobacco (Fen Wu et al., 2015). Two of the 
most popular varieties are zarda and sadapata. Sadapata is more popular among rural 
women. A previous cross-sectional from Bangladesh showed that 68% of the women 
used sadapata and were three times more likely to be sadapata users compared to men. 
An opposite scenario was observed for zarda, men were three times more likely to use 
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zarda compared to women (p <.001; Mia et al., 2017). Yet, no study from Bangladesh 
reported the risk of oral cancer associated with BQ chewing. 
 
2.2.5.3 Population attributable risks of oral cancer for smokeless tobacco use 
 
 The population attributable fraction (PAF) is a useful tool to understand the burden 
of risk factors in specific cancer incidences (Radoi et al., 2015). In an extensive review, 
Petti (2009) revealed that 25% of oral cancer cases worldwide are attributable to tobacco 
use (both smoked and/or SLT), 7%–9% to alcohol drinking and more than 50% to BQ 
chewing. Although several epidemiological studies have examined the joint effects of 
tobacco and alcohol drinking, and found interaction on an additive (Hashibe et al., 2009; 
Anantharaman et al., 2011) or multiplicative scale (Garrote et al., 2001), few have 
examined the proportion of oral cancer that can be attributable to SLT consumption alone, 
smoking alone and their combined effects. Understanding the independent and joint 
effects of different tobacco product consumption would have important implications for 
prevention. 
 A matched-case-control study from Pakistan found that the overall PAF of the 
commonly used SLT naswar for oral cancer in Pakistan was 59% and 68% of male oral 
cancer cases and 38% of female oral cancer cases were attributable to naswar use. The 
total number of incidence cases of oral cancer in Pakistan attributable to naswar use was 
9,094 of 15,414 incident oral cancer cases in Pakistan (Khan et al., 2017). A similar risk 
was observed in a case-control study from India that found 66.1% of oral cancer cases 
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were attributable to SLT chewing and 84.4% for dual use of smoking and SLT (Dikshit 
and Kanhere, 2000). The gender difference in PAF is also apparent from another Indian 
study, which reported that PAF for individuals who ever chewed SLT was 42.6% for males 
and 81.2% for females and the PAF for ever smoked and ever SLT use was 58.0% among 
males (Muwonge et al., 2008). Balaram et al., (2000) also observed similar a gender 
difference of PAF for oral cancer, with 68% of oral cancer cancers among men and 87% 
of cases among women being attributable to the joint effect of smoking and tobacco 
chewing. Hence, these findings highlight that a high prevalence of female SLT use and 
high prevalence of dual use of smoked tobacco and SLT among males largely explains 
oral cancer incidences in India. 
The attributable risk of oral cancer from SLT use differs between South- and East-
Asian countries. As mentioned, tobacco is not added to BQ in East Asia; therefore, a lower 
attributable risk of oral cancer was reported in case-control studies in the East-Asian 
region. A recent case-control study among an East-Asian population reported that PAF 
for oral cancer of ever BQ chewing among the Taiwanese and Chinese population was 
33%, 2.8% for tobacco alone and 31.4% for alcohol drinking. However, due to a lack of 
statistical power, the study failed to report the combined effect of two risk factors (Lee 
et al., 2019). In comparison, the PAR (Population attributable risk) for oral cancer in 
Europe are mostly attributable to tobacco smoking and alcohol drinking. A population-
based case-control study from France showed that PAR for oral cavity cancer were 78.6% 
for tobacco smoking and 7.3% for alcohol drinking (Radoi et al., 2013). 
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Table 15: Previous case-control studies related to oral cancer risk from smokeless tobacco use 
Authors Region Design 
(case: 
control) 
Gender Matching Variables OR (95% CI) 









Short-term use of Toombak 7.3 [4.3–12.4] 
Long-term use of Toombak 11.0 [4.8-25.1] 










Shammah use alone 149.5 [12.3–1812] 
Shammah and qat chewing 43.1 [7.0–266] 
Shammah, qat chewing, smoking 14.2 [2.9–69.0] 













Shammah 29.3 [10.3–83.1] 
Cigarettes smoke 6.74 [2.18-20.8]] 










Ever chewing tobacco use 8.52 [4.90-14.77] 
Duration of chewing >41 years 11.7 [5.37-23.24] 
Age of initiation 2.62 [1.25–5.48] 
Frequency of chewing per day >10 41.87 [19.61-89.40] 









Ever Naswar use 22.9 [9.4-57.4] 
Current Naswar use 28.7 [10.5-74.0] 
Past Naswar use 16.4 [4.9-41.2] 
Naswar pack-year >20 28.3 [9.30 -86.2] 











Ever used Naswar 9.53 [ 1.73–52.5] 
Ever used pan with tobacco 8.42 [ 2.30 –30.6] 















Betel chewing 2.03 [1.01-4.09] 
Current heavy betel chewers 2.47 [1.13-5.40] 
Smoking and betel chewing 4.85 [1.10-22.25] 
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Authors Region Design 
(case: 
control) 
Gender Matching Variables OR (95%CI) 











SLT use ≥20 1.20 [0.67-2.16] 
Lifetime duration of SLT use ≥10 4.06 [1.31-12.64] 
Frequency per week ≥14 1.39 [0.39-4.89] 










BQ chewers 4.59 [1.11-18.91] 
No of BQ per day (1-10) 5.97 [1.08-33.04] 
Duration of years 3.99 [0.90-17.58] 
Type of BQ (betel leaf + areca nut 












Current BQ chewers 11.3 [6.72 -19.05] 
Former BQ chewers 12.1 [6.98-21.02] 
> 260 lifetime chew-years 22.52 [11.87-42.71] 
One BQ per day for one year 3.92 [1.87-8.21] 





Male None Chewing without tobacco 2.19 [1.63-2.95] 
Chewing with tobacco 5.05 [4.26-5.97] 
Duration of chewing ≥40 years 5.19 [3.70-7.29] 
More than 5 BQ per day 11.94 [8.93-15.06] 
Time since quitting (10-14 years) 0.71 [0.37-1.35] 
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2.2.6 Theoretical overview of oral cancer risk factors 
 
Oral cancer is a multifactorial disease. It has long been established that smoking 
or alcohol abuse plays a key role in the causation of oral cancer and acts synergistically 
(Ko et al., 1995). Additionally, SLT is also declared by the IARC (2004) as an independent 
risk factor for mouth cancer. From ancient times, physicians were puzzled about the 
causes of cancer. God was blamed for causing cancer by the ancient Egyptians, and in 
the early days of medical science, humoral theory was used to explain the causes of 
cancer. According to the theory, four types of humor (body fluid) can be found in our 
body: blood, phlegm, yellow bile and black bile. An excess amount of black bile in any 
part of the body was believed to cause cancer (Ballantyne, 1988) and the theory was 
unchallenged for 1,300 years. Later, it was replaced by another theory, the lymph theory, 
which proclaimed another body fluid (lymph) was thought to cause cancer. In 1838, the 
German pathologist Johannes Müller replaced this theory with the blastema theory. Müller 
proposed that cancer is made up of cells, not body fluid, and cancer cells did not come 
from normal cells but rather from blastema. The blastema theory was later replaced by 
the chronic irritation theory, which suggested that chronic irritability causes cancer and 
spreads like a fluid in the body. This theory was later replaced by the infectious disease 
theory. Two doctors from Holland concluded that cancer is contagious and proposed that 
cancer patients should be isolated to prevent the spread of the disease (American Cancer 
Society, 2014). 
156 | P a g e
During the early 19th century, monofactorial disease causation theory came into 
existence. Based on this theory, every disease has one cause that in limited circumstances 
is sufficient to cause a specific disease (Broadbent, 2009). However, it was never believed 
that any disease was literally monocausal and had a single cause, given no event is ever 
a product of single cause (Lee, 2012). However, according to Broadbent (2009), 
monocausal disease causation meant that a single cause that fulfils the criteria of Koch’s 
postulates (in the 19th century Koch identified the microbial agents responsible for 
cholera, tuberculosis and anthrax) is regarded sufficient to establish the relationship 
between a specific microbe and the disease produced by that specific microbe. Although 
this model was fruitful in identifying potential microbial causal agents, it failed to explain 
the cause of increased incidence of chronic NCDs through a single causal factor 
(Broadbent, 2009). In response to this scenario, a multifactorial disease causation model 
was proposed in the mid-20th century. 
Multifactorial disease causation model 
The multifactorial disease causation model was developed due to the increased 
number of chronic NCDs (diabetes, heart disease and cancers) that could not be explained 
in reference to a single causal factor. The model was developed from the central 
metaphor of web causation. According to Krieger (1994): 
Conceptually, the metaphor evoked the powerful image of a spider’s web, an 
elegantly linked network of delicate strands, the multiple intersections 
representing specific risk factors or outcomes, and the strands symbolising diverse 
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causal pathways. It encouraged epidemiologists to look for multiple causes and 
multiple effects, and to identify the many—as opposed to singular—routes by 
which disease could be prevented. 
Based on the multifactorial approach, a disease has many causes that may be present 
without the disease or absent when the disease is present (Broadbent, 2009). The 
selection of a multifactorial disease causation model for the present study can be justified 
based upon the work of Furman (2017). According to Furman, a monocausal model of 
disease causation is useful to explain an infectious disease, which is typically a microbial 
disease, but its use is restricted to the biomedical sciences, such as virology, immunology, 
microbiology etc. In contrast, a multifactorial disease causation model is effective for 
explaining chronic NCDs and is more closely linked to epidemiology. For the present 
study, the aim was to examine the risk of developing oral cancer from SLT use. Oral 
cancer is a multifactorial chronic NCD for which a single detectable cause has not been 
found. Moreover, the role of any individual factor is poorly understood, including personal 
habits (smoking, SLT, alcohol use), several types of infections (viral, bacterial or fungal), 
other extrinsic factors (oral hygiene, radiation, industrial hazards) and intrinsic factors 
(genetic, nutritional deficiency, immunodeficiencies, BMI; Oji and Chukwuneke, 2012). 
Also, these risk factors often act synergistically; therefore, understanding the risk of 
developing oral cancer from SLT use would require a multifactorial approach rather than 
a monofactorial approach. This is supported by Peng et al., (2016), who highlighted the 
importance of a multifactorial approach of aetiology analysis to improve the treatment of 
oral cancer. 
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 For the present study, to understand the relationship between SLT use and oral 
cancer risk among Bangladeshi adults, detailed information concerning SLT use (type of 
SLT, duration of use, amount usage per day, age of onset) was recorded. While 
considering the multifactorial disease causation approach, the present study collected 
information related to other established risk factors, such as smoking (type of smoking— 
cigarettes, bidi, waterpipe, duration of usage, number of cig/bidi/waterpipe per day, age 
of initiation), alcoholism (type of alcohol, quantity, frequency, duration of usage and age 
of initiation). Additionally, other putative risk factors, such as oral health indicators (partial 
and complete dentures, teeth cleaning instruments, frequency of cleaning, substance 
used to clean teeth, status of gum bleeding, status of cuts or ulcers, frequency of dental 
visits), family history of cancer (relationship, age of diagnosis, type of cancer) and BMI 
were included. However, other possible risk factors, such as viral infection and diet, were 
excluded from the present study.
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2.2.7 Overall summary 
The overall findings of the review suggest a strong link between several forms of 
SLT use and oral cancer risk. However, controversy remained between the studies from 
the industrialised countries and developing countries. Most studies from SEAR, African 
and Eastern Mediterranean region supports the strong relationship between SLT use and 
oral cancer risk. However, studies from industrial countries reported mixed findings. 
Scandinavian studies did not observe an increased oral cancer risk among SLT users and 
studies from Europe and America reported minor or weak association between SLT use 
and oral cancer. The dose-response relationship was observed between SLT use and oral 
cancer incidence. with a higher frequency and longer duration of SLT use being associated 
with an increased risk of oral cancer. The risk of oral cancer varied substantially from 
different type of SLT use and its preparation. Both BQ with and without tobacco increased 
oral cancer risk. The risk was higher among BQ with tobacco users. Disparities remained 
regarding the increased oral cancer risk for BQ chewing without tobacco. Most studies 
from Asia pacific region found strong association between BQ without tobacco use and 
oral cancer risk. However, several studies from India reported non-significant or minimal 
association between chewing BQ without tobacco and oral cancer risk. Regrading other 
risk factors, smoking increases oral cancer risk substantially.  Several studies found that 
traditionally manufactured smoked tobacco, also known as bidi, increased oral cancer risk 
substantially but did not find any association between oral cancer and cigarette smoking. 
The association between oral cancer and alcohol drinking was inconsistent and varied 
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globally.  The joint effect of smoking and SLT use and smoking, SLT use and alcohol 
drinking was higher than their individual effect. Among other putative factors, poor oral 
hygiene, lower BMI, dietary deficiency and HPV infection increased oral cancer risk.   
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Chapter III. Methodology 
3.1 Introduction 
The purpose of this PhD was to examine the factors contributing to adolescents 
SLT use in Bangladesh and investigate the role of SLT in oral carcinogenesis among 
Bangladeshi adults. Thus, the study findings will inform the appropriate interventions and 
policy to reduce the future and current burden of SLT-related harm in Bangladesh. The 
aim of this chapter is to exhibit the research methodology to attain the study objectives. 
The chapter is presented in three separate sections. The first section deals with the overall 
research methodology and the choice of suitable methods. The critical analysis of the 
strengths and limitations of the chosen methods and their alternatives are also discussed. 
The second section demonstrates the adolescent cross-sectional survey method, and it 
explores the study setting, target population, sampling frame, study measures, survey 
tool and its validity, the outcome of the pilot study, data analysis procedure and ethical 
issues. The last section of the chapter illustrates the hospital-based case-control study 
method and it explains the study setting, selection criteria for cases and controls, sources 
of cases and controls, justification of matched design, sample size and power calculation. 
In addition, last section of the chapter will demonstrate how quality was maintained while 
collecting data for the hospital-based case-control study, procedure of recruiting study 
participants, data collection tool, study measures, data management and analysis 
strategies and lastly ethical issues and how they were managed. 
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3.2 Research design 
The present study followed an observational study design. Observational studies 
are a type of analytic study design and known as epidemiological study. They are 
categorised into two main groups: experimental studies and observational studies (see 
Figure 9). The differential characteristics between observational study and experimental 
study is that of the presence and absence of interventions (Song and Chung, 2010). As 
described by Streiner and Norman (2009), in experimental study design, intervention is 
under the control of the researcher. He or she may decide which subject is receiving 
novel treatment or traditional treatment (no-treatment). The aim of this approach is to 
determine how changes in the independent variable affect dependent or outcome 
variable. 
Figure 9: Analytic study design, (Source: Song and Chung,2010) 
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By contrast in observational study, the researcher does not intervene instead 
observe and evaluate the relationship between the exposure and the disease or 
dependent variable. There are three main types of observational study designs that are 
distinguished by the objective of the research study: Cross-sectional study, cohort study, 
and case-control study (Carlson and Morrison, 2009). 
Cross-Sectional study 
 The cross-sectional study is a type of observational study where exposure and 
outcome are determined simultaneously for each participant. This design is the primary 
choice for prevalence study and requires a relatively shorter time and fewer resources to 
conduct (Carlson and Morrison, 2009). However, as the exposure and outcome are 
measured concurrently, therefore, there is no evidence of the historical relationship 
between the exposure and outcome. This means the researcher may determine the 
association between the exposure and outcome but there is generally no evidence that 
the exposer has caused the outcome. 
Cohort study 
The cohort study design is characterised by the fact that study subjects are 
followed over a period. The study design begins with individuals who are exposed and 
not exposed to a risk factor and then assesses the subsequent development of a specific 
disease (See Figure 10). This study design is ideal when the exposure is rare, but the 
outcome is common or relatively not rare (Carlson and Morrison, 2009). 
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Case-control study 
Case-control study design begins with comparing individuals who have already 
developed the outcome of interest (cases) with an individual who does not have the 
outcome (Controls). The comparison is conducted according to a history of exposure to 
certain factors. The design is appropriate when the outcome of interest is rare (see Figure 
11). However, a major limitation of the case-control study design is recall bias. 
Figure 10: Cohort study Design 
Considering the aim and objectives along with the applicability, the cross-sectional 
survey and the case-control study design were appropriate methods for the present 
study. One of the study goals was to look at the SLT use among Bangladeshi adolescents; 
using a cross-sectional method was an economical and realistic option to obtain a large 
amount of data within a limited time. 
Another goal of the present study was to explore the association between SLT use 
and oral cancer risk among Bangladeshi subjects. Oral cancer is a relatively rare disease, 
and the exposure of interest (SLT use) is prevalent in Bangladesh. 
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Figure 11: Case-control study design 
Therefore, adopting the case-control study design was the only viable and cost-effective 
method. Table 16 Below compares different types of observational study and their 
applications. 
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(Source: Edward, 2014). 
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3.3 Conceptual framework 
Previous study results suggested that tobacco habits occur primarily at young age 
and the patterns of product preferences established among adult (Gupta and Ray, 2003). 
A recent study from the US looked at the average age of SLT onset among 2800 adults 
(1490 women and 1310 men). The study findings showed that the average of age of SLT 
onset was 13 years old (Patten et al., 2018). Latest, GATS report showed that the mean 
age of SLT initiation age in India was 18 years old (WHO, 2018c). However, this picture 
is completely different in Bangladesh. Several studies from Bangladesh reported that the 
mean age of SLT initiation among Bangladeshi adults was 31 years old (Heck et al., 2012; 
Mia et al., 2017). Hence, to reduce the growing burden of SLT use among in Bangladesh, 
interventions should focus on adolescents by limiting future SLT initiation. Additionally, 
the relationship between SLT use and NCDs such as, oral cancer yet to be established. 
Given the diversity of SLT products and its contents, it is essential to establish local 
evidences (NCI and CDC, 2014). Therefore, PhD took this unique approach to examine 
the key factors of adolescents SLT use in Bangladesh as well as investigate the oral cancer 
risk from SLT use among Bangladeshi adults. Thus, the findings of the present study will 
inform the health promotion and intervention to reduce the future and current burden of 
SLT use in Bangladesh. Figure 12 below illustrate the conceptual framework of the 
present study.
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Figure 12: Conceptual framework 
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3.4 Adolescent cross-sectional survey method 
The primary goal of the cross-sectional study was to survey students from grades 
7-9 in rural secondary schools in Bangladesh. The survey objectives were to examine the
vurrent practice and pattern of SLT use, determine the knowledge and perceptions about 
the use and harmful effects of SLT and, lastly to locate the predictors of current SLT use. 
3.4.1 Study setting 
This was a school-based cross-sectional study conducted in two rural non-
government secondary schools located in Ramgati upazila, Lakshmipur district of 
Chittagong division in Bangladesh (see Figure 13). The Upazila covers 570 square 
kilometres and consists of 31 villages. There are total 55,664 households with a 
population of 26,61,002, of which males 1,24,449 and females 1,32,553. The density of 
population is 752 people per square kilometre. Of the total population, 94.80% are 
Muslim, 5.18% are Hindus, and 0.02% are of other religions. The average literacy rate 
of Ramgati is 39.3% (40.4% male and 38.3% female) compared to the national literacy 
rate of 61.5% (Bangladesh Bureau of Statistics, 2017). This area is predominantly a 
lower-middle class community. In this Upazila, agriculture is the primary source of 
employment (66.56%) followed by business 11.25%. There were total of 54 government 
primary schools (grade 1-5), 37 non-government primary schools, 18 non-government 
secondary schools, one government college and three non-government colleges in this 
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upazilla. The total enrolment for the secondary schools was 8994. Among them 47.8% 
were male, and 52.1% were female students. However, there was no government 
secondary school in this area (Bangladesh Bureau of Statistics, 2017). 
Figure 13: Ramgati Upazila 
The current prevalence of SLT uses in Ramgati upazila, or Laxmipur was not 
available. However, the current prevalence of SLT use in Chittagong division was 19.5%. 
Male prevalence of SLT use in this division is 16.7% and female 21.9% (Sobhan, 
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Choudhury, and Chowdhury, 2015). Given the scenario of socio-economic status of this 
community, it can be argued that the SLT use is highly prevalent in Ramgati Upazila. A 
previous Tobaco Control Survey also known as ITC study was conducted in 20 districts 
of 64 districts in Bangladesh reported that the SLT use is highly prevalent (33.2%) among 
the population from the low socio-economic background in rural areas of Bangladesh 
(Nargis et al., 2015). 
3.4.2 Target population 
The target population for the current study was adolescents from rural areas of 
Bangladesh. There are nearly 29.5 million adolescents (10-19 years old) in Bangladesh 
among them 14.4 million are girls and 15.1 million are boys together represents nearly 
one-fifth of the country’s total population of 157 million (Chowdhury, 2016). Secondary 
school enrolment of the country is still low at only seven million (38%). Moreover, the 
dropout rate of the secondary school is much higher than primary school, nearly 48% 
girls and 38% boy’s dropout from the secondary school. 
Different forms of tobacco use are widespread among adults in Bangladesh, more 
than 40% of the adult population uses varieties of tobacco products (WHO, 2009). The 
social acceptability, culture and poor implementation of tobacco control law is likely to 
encourage Bangladeshi adolescents to take up the habits of smoking and SLT use. A 
study among Bangladeshi adolescents showed 38.3% adolescents were able to buy 
tobacco products from the shop and more than 97% was not refused to purchase tobacco 
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because of there age.  Additionally, most adolescents exposed to tobacco advertisement 
(Islam, et al., 2016). The availability and poor implementation of tobacco control are 
widely prevalent in rural areas compared to urban areas of Bangladesh (Nargis, et al., 
2015). Considering the above scenario, it can be argued that the adolescents from rural 
areas of Bangladesh are at higher risk of taking up SLT habits. 
3.4.3 Sampling frame 
There were 18 non-governmental secondary schools in Ramgati Upazila with no 
government secondary school. Total enrolment size for the grade 7 to 9 in 18 secondary 
schools were 8,994. Among them, 790 (8.78%) adolescents were recruited using 
stratified sampling method from two of the rural schools based on the enrolment size of 
the schools. Initially, five schools with the highest enrolment size were selected and from 
those five schools, two schools were chosen randomly from their registration number. 
To reach a 95% confidence level, a sample size of 553 was required (Daniel, 2009). 
 n = Z²P (1-P)/d² 
 n = Desired Sample size. 
 z Statistics = for 95% Confidence Interval ‘Z’ value is 1.96. 
 p = Expected ever prevalence value was 10.1% = 0.10 (WHO, 2015). 
 d = Margin of error (with 2.5% precision value, d = 0.025). 
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3.4.4 Survey instrument 
 The data collection tool for the school survey was adapted from the Smokeless 
Tobacco module of the Global Youth Tobacco Survey (GYTS) questionnaire version 1.00 
(2012) (Global Youth Tobacco Survey Collaborative Group, 2012) (see the Appendix B). 
There were additional questions on type of SLT use and eight knowledge questions were 
added from similarly selected literature and validated surveys (Kaduri et al., 2008; 
Abdullah et al., 2014; Bhaskar et al., 2016). The questionnaire had a total of 28 items 
that assessed the demographic information, SLT uses behaviour, perception and 
knowledge about the harmful effects of SLT. Students were asked to indicate responses 
to the questions by ticking the section that represents their answer. Confidentiality of 
answers was stressed by assuring students that not mentioning their name anywhere in 
the answer sheet and returning the questionnaire in a sealed envelope that was provided 
during the survey. The questionnaire was guided by Social Cognitive Theory (SCT) and 
the Health Belief Model (HBM) and comprised of closed-ended, open-ended and multiple 
response questions. 
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3.4.5 Validity and reliability of the survey instrument 
3.4.5.1 Validity 
Pilot study 
As mentioned earlier the survey instrument in the present study was adapted and 
modified form existing GYTS questionnaire. The reliability and validity of the reasoning 
provided by the questionnaire of the present study was established through a pilot study. 
The pilot study helped to ensure the face validity of the questionnaire (Alumran, Hou and 
Hurst, 2012). That means, in respondents’ opinion the questionnaire was able to measure 
what they are intended to measure. The pilot study helped to determine the suitability 
whether the format and content of the SLT use behaviours being measured, the level of 
difficulty and the length of time to complete the questionnaire. The content validity of 
the study was assessed by soliciting feedback from the teachers and local health care 
professionals as to the relevance of the questions, given the behaviour that was 
measured. 
The questionnaire was piloted among five female and five male students from two 
secondary schools which did not participate in the main study. Additionally, students were 
asked to comment on the length, level of difficulty and whether the directions and 
language were clear. Also, whether the title and purpose of the school survey were clearly 
understood to determine validity and make improvement of the questionnaire for the 
main study. Students who participated in the pilot study also completed a questionnaire 
to improve the survey (see Appendix-L) Standard validation questions suggested by early 
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study by Stacy (1987) were used to assess the validity of the inferences of the survey 
instrument for the present study. 
Table 17: Pilot study result 
Item name Student feedback (n=10) 
Title of the questionnaire is clear 97% 
Direction of the questionnaire clear 94% 
Clearly understood the question 90% 
Appropriate language was used 89% 
The length of the question is appropriate 94% 
Question is not too personal 100% 
Multiple choice questions are complete 89% 
Table 17 shows students’ feedback on the questionnaire, 94% could understand 
the direction of the questionnaire, over 90% students thought the title was clear and 
90% students could understand the question and 89% students thought the appropriate 
language was used and understood the meaning of the question. More than 90% 
students thought the length of the questionnaire was appropriate and 89% students 
thought the multiple-choice question was appropriate.  
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Self-reported data 
The validity of self-reported data is a critical component of study related to 
adolescent health risk behaviour. Brener, Billy and Grady, (2003) examined over 100 
studies related to adolescent tobacco, alcohol and other substance misuse. They 
identified two major factors while assessing the validity of self-reported data. They are: 
cognitive issues and situational issues. Cognitive issues address whether the respondents 
understand the question and have appropriate knowledge or memory to answer the 
question. Therefore, the survey questions were designed meticulously to make sure 
respondents understood the terms used in the question. They also tested the participants’ 
ability to recall information. 
Situational issues refer to the influence of the setting of the survey-e.g., at school 
or at home- on the responses. The context can influence survey responses- e.g., 
adolescents may be reluctant to admit that they got drunk if they think their parents will 
have access to the response or exaggerate the response if they think their peer will see 
their response. Therefore, the setting where the survey is administrated is important. 
However, the best result can be achieved when a strong sense of anonymity and little 
fear of judgement can be ensured. 
To address the cognitive issue, the questionnaire was translated from English to 
Bengali and then backtranslated to English by professional translators. As mentioned 
earlier the questionnaire was reviewed by the research team and local healthcare workers 
who had previously conducted surveys in schools to ensure that the Bengali version was 
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idiomatically appropriate for Bangladeshi adolescents. To ensure accurate recall of the 
SLT use behaviour, respondents were asked about their SLT use behaviour in the last 30 
days.   
The situational issues (related to the validity of self-reported data in the present 
study) were mitigated by the socio-cultural factors related to SLT use in Bangladesh. In 
Bangladesh SLT use is regarded as a shared social activity – performed with relatives, 
friends, and family – rather than a detrimental behaviour. It is integrated into social 
gatherings – such as festival, wedding, religious gathering (Sansone, 2014). In 
Bangladeshi society younger people hesitate to smoke before their elders and they will 
never smoke cigarettes in front of their parents or seniors. However, SLT is an exception. 
Chewing pan or betel leaf along tobacco products regarded as normal social behaviour 
and considered as a symbol of hospitality in the rural areas of Bangladesh. Given the 
socio-cultural scenario, adolescents were more likely to give an honest answer. 
Additionally, a strong sense of anonymity was ensured by not writing the participants 
name in the questionnaire and returning the answer in a sealed envelope. 
 3.4.5.2 Reliability 
Cronbach's alpha is a standard measure of internal consistency and one of the 
methods of measuring reliability and it is used to determine how much the items on a 
scale measure the same underlying dimension (Connelly, 2011). The questions on the 
SLT habit section were adapted from the Global youth tobacco survey Questionnaire's 
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Smokeless tobacco module. The internal consistency (Cronbach's alpha) of the subscale 
items of the GYTS questionnaire was reported ranged from 0.70 to 0.94 indicating the 
good internal consistency of the survey instrument (Chen, Chiou and Chen, 2008). The 
internal consistency of the knowledge items was also calculated by using Cronbach alpha 
technique. The knowledge scale consisted of eight items. The scale had a prominent level 
of internal consistency, as determined by a Cronbach’s alpha of 0.79. However, no test-
retest reliability of the questionnaire was conducted due to limited resources and time. 
3.4.6 Data collection procedures 
The school survey did not require school board of members approval. However, 
both verbal and written consent was obtained from the school head teacher (see 
Appendix C). Both schools and students were free to decide whether they wanted to 
participate in the study. School authority was responsible for distributing a standardised 
introductory letter to the parents which was submitted to the head teacher of the school 
and each child took the letter to their parents. Approval for participation in the survey 
was based on passive consent from the parents and they had seven days to withdraw 
their child from the survey (see Appendix D). The approval rate was 100% — none of 
the parents withdrawn their child from the survey. Regardless of the SLT use status, all 
the students presented in the class were eligible to participate in the study. Students 
were asked to complete the survey questionnaire after explaining the purpose of the 
study and the instructions to fill in the questionnaire. School authority was requested not 
to be present in the class during completing the questionnaire to ensure respondent felt 
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free to give the honest answers. Participants were assured of confidentiality of the 
information provided and encouraged to be honest with their answers. A student 
representative was selected to collect the completed questionnaires in a sealed envelope 
from the students. The survey was administrated during a single class period and took 
approximately 15 minutes to complete. At the end of the survey, the researcher also 
provided a free oral hygiene instruction session for the students. 
3.4.7 Measures 
3.4.7.1 Dependent measures 
The dependent measure or outcome variable for the present study was SLT use. 
This variable was subdivided in three main categories: ever SLT user, current SLT users 
and never users. For this study "ever" SLT users were defined as respondents who had 
tried SLT at least once in their lifetime (even a tiny portion). "Current" SLT users were 
defined as respondents who had tried SLT at least once in last 30 days prior to the survey 
and ‘never users’ had never tried SL before (WHO, 2015). Additionally, respondents were 
asked about the type of SLT they have tried. 
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3.4.7.2 Independent measures 
Socio-demographic measures 
Socio-demographic characteristics were measured in three items, included age and 
gender of the respondents and the parental occupations. 
Smokeless tobacco use behaviour measures 
SLT initiation age was recorded along with the frequency of SLT use. SLT 
dependency was measured using four items. Students were asked how many times they 
have used SLT in past 30 days, frequency of use per day, desire to have SLT first thing 
in the morning and their desire to use it again just after using SLT. To understand the 
outcome expectancies respondents were asked the reasons for using SLT. SLT cessation 
behaviour was measured with five items. Students were asked about their intention to 
quit SLT, the status of the success of quitting attempt, the status of receiving help to quit 
SLT, and their perception about the difficulty of quitting SLT. 
Access and availability 
To measure the availability of SLT products, students were asked about the source 
of SLT in last 30 days. The answers included both social sources (got it from someone), 
and commercial sources (school canteen, the street vendor, stores near the house or 
school) 
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To measure the accessibility of SLT products, students were asked if they were 
refused to buy SLT because of their age. Respondents exposure to health warning on 
SLT packages and their perception about the anti-tobacco message was measured asking 
if they have seen any health warning on SLT packages during last 30 days and if that led 
them to think to quit SLT. 
Self-efficacy 
 To understand the peer pressure and ability to refuse SLT, respondents were 
asked about their perception of using SLT if offered by a friend. Responses were recorded 
in 4-point Likert scale (definitely not, probably not, probably yes and definitely yes). 
Knowledge about the harmful effects of SLT use 
To assess respondent’s knowledge about the harmful effect of SLT use and its 
content, eight questions were asked. Primarily it was regarded as a categorical variable. 
Later, a new variable was created based on the knowledge score. The knowledge score 
was ranged from 0 to 8, where ‘one’ score was allocated for each correct answer. The 
knowledge score was further categorised into: poor knowledge (score of 0-2), average 
knowledge (score of 3-5), and good knowledge (score of 6-8) for the predictive model 
knowledge score was considered as a categorical variable (see Appendix E). 
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3.4.8 Data analysis procedure 
All the analyses were conducted using SPSS version 24. Data analyses conducted 
in multiple phases. In the first phase, simple descriptive analysis (frequency, percentage, 
mean, median etc.) was conducted to examine the current SLT use behaviour, perception 
and knowledge about its ill effect. In the second phase, statistical analyses were 
performed to explore the association between different variables such as socio-
demographic variables, SLT use behaviours, perception and knowledge. Association 
between categorical variables were assessed using Chi-Square or Fisher-exact test when 
appropriate. Knowledge was assessed using a scoring system where participants were 
given one point for each correctly answered question and zero otherwise. The Sum of 
scores was calculated, and its relation to other variables was assessed using Student t-
test or Mann-Whitney test when appropriate. Additionally, Chi-Square or Fisher-exact test 
was used to assess the association between knowledge categories (Poor knowledge, 
Average knowledge, and good knowledge) and other variables. 
In the third phase, univariate and multivariate binominal logistic regression 
analysis was performed to locate the predictors of current SLT use. Binominal logistic 
regression is part of Generalised Liner Model and extension of liner model which integrate 
the dependent variables which are not continuous. It allows for a relationship to be 
modelled between several independent variables and a single dependent variable where 
the dependent variable is dichotomous. Additionally, instead of predicting the category 
of the binomial logistic regression directly, the logit of the dependent variable is predicted 
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instead. Therefore, if five independent variables are represented through “X1” to “X5” 
and the dependent variable to be “y”, then the binomial logistic regression model would 
be: 
logit(Y) = β0 + β1X1 + β2X2 + β3X3 + β4X4+ β4X5+ ε. 
Here, β○ is the constant, β₁ is the slope coefficient for X₁ and so on, and ε is the errors. 
Therefore, it can be estimated as below: 
𝒍𝒐𝒈 ⅈ𝒕(𝒀) = 𝒃𝟎 + 𝒃𝟏𝑿𝟏 + 𝒃𝟐𝑿𝟐 + 𝒃𝟑𝑿𝟑 + 𝒃𝟒𝑿𝟒 + 𝒃𝟓𝑿𝟓 + ⅇ 
Here, 𝑏0 is the constant that estimates the 𝛽0, 𝑏1 is the sample slope parameter for 𝑥1and 
so on, e represents the errors and estimates ε and logit is the log of the odds of an event 
occurring. 
Below steps were followed to build a logistic regression model to locate the predictors of 
current SLT use: 
First, univariate logistic regression was conducted to locate the unadjusted 
association between the dependent and independent variables. Akaike information 
criterion (AIC) was also extracted for each variable. Some variables were present with 
different cut-off values. Each of these them was assessed and the variable with the lowest 
AIC was included in the final model. A P-value of smaller than 0.25 was included in the 
multivariate analysis and the cut-off value of 0.25 was also supported by the previous 
research (Mickey and Greenland, 1989). Some of the variable such as gender was 
included in the multivariate analysis although turned-out insignificant in the univariate 
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analysis. As the previous study showed gender is a significant predictor of adolescent’s 
SLT use (Agaku, et al., 2014) 
Secondly, variables that were significant in the initial screening (univariate logistic 
regression) were included in the multivariate logistic regression. Correlation matrix was 
also constructed to ensure the absence of multicollinearity between variables included in 
the model. Exponentiated coefficients (odds ratio) were extracted from the model as well 
as the overall AIC of the model. 95% confidence intervals and Wald statistic were used 
to assess whether regression coefficients were significantly different from zero (null 
hypothesis). Receiver operator characteristics curve was plotted to assess whether the 
model can accurately classify the data through AUC (Area under curve). An AUC of 0.8 
or higher was a good indicator of the model predictive power. The goodness of fit 
measures such as McFadden and Nagelkerke R2 were also assessed. Deviance residuals 
were plotted to assess outliers - as well as influence and leverage points - in the data. 
The accuracy of the model was also assessed by calculating the percentage of accurate 
predictions made by the model (Accuracy= [True positive + True negative] * 100 /Total 
number of observations. Likelihood ratio was also calculated to assess whether the model 
was significantly different from the null model (see Appendix F for the model diagnostics). 
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3.4.9 Ethical issues 
Ethical approval for the present study was obtained from the Anglia Ruskin 
University Ethics committee (see Appendix I) and the head teachers of the participating 
schools in Ramgati Upazila. Informed consent was obtained from the students’ parents 
(see Appendix-D). Prior to the administration of the survey, the researcher (MZU) 
explained the purpose of the study and the students were required to provide verbal 
consent to indicate voluntary participation. Students were informed of their right to 
decline participation or withdraw from the study at any time without any consequences. 
The confidentiality and anonymity of the study participants were ensured by not including 
their name in the survey and returning the completed questionnaire in a sealed envelop. 
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3.5 Hospital-based case-control study 
3.5.1 Design overview 
The hospital-based case-control study design was adopted to explore the 
relationship between SLT use and oral cancer incidence in Bangladesh. The case-control 
is a type of observational study in which subjects with a specific disease (cases) of interest 
are compared with subjects who do not have the disease (control) (see Figure 15). 
Specific information is collected from both groups concerning their previous exposure to 
investigate the relationships between exposure and the disease of interest (Peat and 
Williams, 2002). Woodward (2013, p.243) offered common advantages and 
disadvantages of case-control studies: 
Advantages 
I. Less time intensive and inexpensive compared with other observational
designs. The case-control design is most suitable for diseases with a longer
latency as there is no waiting time involved.
II. Multiple risk factors can be examined simultaneously. For example, asking a
series of lifestyle questions can help to identify several risk factors
concurrently.
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III. It is particularly suited for an investigation of risk factors of rare diseases.
IV. Generally, it requires a smaller sample size in comparison with a cohort
study. As case-control study’s sample size depend upon the prevalence of
exposure rather than rate of outcome.
V. For the same overall sample size, it is possible to evaluate confounding
interactions more precisely compared with a cohort study because
subsamples are equally balanced in case-control studies.
VI. Better quality of exposure data by interviewing study participants which is
often impossible in much larger cohort studies that have to rely on self-
administered questionnaires.
Disadvantages 
• In a case-control study exposure is not assessed prior to, but simultaneously with
the disease. So, no time sequence can be established; therefore, the results cannot
be used to demonstrate causality. Additionally, frequent problems have been noted
with the accuracy of recall (recall bias).
• A case-control study can investigate only one disease outcome at a time.
• This design cannot provide a valid estimate of risks or odds. It can only provide
an approximation of relative risk, which may be inaccurate in certain
circumstances.
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• The most common criticism is that different types of bias may operate, in particular
selection bias in cases and/or controls and reversed causation meaning that the
presence of disease in cases influences the assessment of exposure.
3.5.2 Justification of design selection 
Case-control is a standard design choice when investigating health outcomes that 
are relatively rare and characterised by a long latency period (Bruce, Pope, and 
Stanistreet, 2018). For diseases that are sufficiently rare, choosing a cohort study design 
becomes impractical because it would take too long before an adequate number of cohort 
members contract the rare disease of interest. Given the fact that oral cancer is an 
uncommon chronic disease with a long preclinical stage (Ghantous, Yaffi and Abu-Elnaaj, 
2015), a cohort study would be too time-consuming and too costly to investigate the 
relationship between SLT use and oral cancer. Moreover, if the rate of exposure is also 
rare, one must use a special cohort study, and if both outcome and exposure are rare, a 
two-stage design will be the only option as it allows oversampling of both exposed and 
diseased subjects (Rothman, Greenland and Lash, 2012). Due to a lack of accurate 
records of past exposure in Bangladesh, a retrospective cohort study would be impossible 
to employ in this scenario, making the case-control design the best alternative. 
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Figure 14: Cohort study 
Case-control studies are used for the pragmatic reasons of both cost and time 
savings rather than for considerations of validity. According to Rothman, Greenland, and 
Lash, (2012) case-control studies have suffered from a reputation of poor conduct and 
over interpretation of the results as an inherent weakness of the design. Although a 
cohort study is more appropriate for life course epidemiology of chronic diseases, one 
caution is that it is costlier and more time-consuming (Gerstman, 2013). Because in a 
cohort study, the exposure of interest is measured in the present time and cohort 
participants are subsequently followed up over time in order to determine the occurrence 
of disease (see Figure 14). 
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Figure 15: Case-control study 
3.5.3 Research setting and study population 
Oral cancer cases and controls were recruited from a government dental college 
hospital located in Dhaka City, Bangladesh between July 2015 and December 2015. The 
location and the description of study subjects are described below. 
3.5.3.1 Study setting 
The hospital, established in 1961, is the largest tertiary-level dental hospital in 
Bangladesh with 250 beds. The hospital currently serves more than 20 million citizens 
from Dhaka and its neighbouring cities (see Figure 16). The Oral and Maxillofacial Surgery 
department of the hospital manages all oral oncological patients. Patients from other 
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neighbouring states are also referred to this hospital, since it is the only tertiary-level 
publicly funded dental hospital in Bangladesh. Since this hospital is the primary referral 
location for oral oncological patients from all over the country, it was the most appropriate 
location to recruit newly diagnosed oral cancer cases for the case-control study. 
Figure 16: Map of Bangladesh 
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3.5.3.2 General selection criteria 
To be eligible for the study, the subject must be Bangladeshi born with no previous 
history of cancer. Subjects who were severely ill or unable to provide reliable information 
were excluded from the study (see Section 3.5.3.7 and 3.5.3.9 for a complete list of 
inclusion/exclusion criteria). 
3.5.3.3 Case selection 
A total of 169 histologically and clinically confirmed new oral cancer cases were 
recruited for the study. A histologically confirmed diagnosis is regarded as the gold 
standard for most cancer cases, as recruiting less documented cases can raise validity 
issues (Silva, 1999). Additionally, accepting less documented cases creates the risk of 
diluting the case group with non-cases and reduces the chances of estimating the 
difference of exposure among cases and controls. Cases were selected based on the 
WHO’s ICD-10 oral cancer classifications (WHO, 2016), which are described in Table 18 
below. 
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Table 18: WHO’s ICD-10: Oral cancer classification. 
All the patients were recruited immediately after histopathological diagnosis 
between July 2015 and December 2015. Only incident cases (all new cases that were 
diagnosed during these six months) were recruited for the following reasons: 
• The recall of exposure is likely to be more accurate among newly diagnosed cases.
In addition, recently diagnosed patients are less likely to have changed their pre-
diagnostic habits.
• Prevalent cases (all new and old cases that are present among the population at
a particular time) may create recall bias and are less likely to be accurate about
past exposure.
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• In relation to survival and exposure, prevalent oral cancer cases are biased in 
terms of survival and the frequencies of exposure will differ between prevalent 
and incident cases (Schlesselman and Stolley, 1982). 
 
 
3.5.3.4 Sources of cases 
 
For the present case-control study, all the cases were recruited from a hospital 
setting. There are two main options for sourcing cases: hospital-based and population-
based (Silva, 1999). The hospital-based case-control study has been criticised for its lack 
of generalisability of the study findings. Specifically, if cases are selected from a hospital, 
the identified risk factor may be unique for that particular hospital. However, as 
mentioned by the IARC, in a case-control study, validity of the study design is much more 
critical than the generalisability of the results (Silva, 1999). Nevertheless, selecting cases 
that are representative of the target population can strengthen the external validity of 
the study. 
Concerning population-based cases, many communities maintain registries of 
patients and diseases, making these a reliable sampling source for a population-based 
case-control study (Song and Chung, 2010). Although the method sounds convenient, it 
may raise the issue of validity. For example, if cases were recruited from one specific 
hospital, recognised risk factors may be exclusive to that hospital. Moreover, the value of 
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this source might be limited as there could be a substantial time lag between diagnosis 
and registration. Further, some patients may be deceased, and some may have moved 
out of the target area. Therefore, by the time the case is registered, it may not be possible 
to regard them as incident cases anymore. 
Unlike other countries, no cancer registry is maintained at the community facilities 
in Bangladesh. Therefore, conducting a population-based case-control study is not 
possible. In addition, the hospital is the primary referral point for oral oncology patients. 
Due to the limited time and available resources, the hospital was the only feasible source. 
 
3.5.3.5 Selection criteria of cases 
 
Inclusion criteria for cases 
• Newly diagnosed oral cancer cases who visited the primary referral hospital during 
July 2015 to December 2015. 
• Patients who were diagnosed within a week after visiting the hospital visit. 
• Patients who were not yet enrolled in any treatment procedure. 
• Patients who were over 18 years of age. 
• Patients who were fit (physically and mentally) to provide sufficiently reliable 
information. 
• Patients who had signed the consent form. 
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• Patients who were diagnosed in a different hospital, but their primary treatment 
centre was the study hospital, and the diagnostic procedure in the previous 
hospital was conducted within the last week. 
 
 Exclusion criteria for cases: 
• Patients who did not provide consent. 
• Patients with recurrent oral cancer. 
• Patients with pre-cancerous lesions. 
• A patient who had already gone through the treatment procedure. 
• Patients who presented with cognitive impairments. 
 
3.5.3.6 Selection of controls 
 
In a case-control study, selection of controls is crucial to ensure the internal validity 
of the study (Wacholder et al., 1992). The primary function of controls is to provide 
information on the distribution of exposure within the population at risk of becoming a 
case (Rothman, Greenland, and Lash, 2012). 
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As suggested by Woodward (2014), there are several principles for selecting 
controls for a case-control study: 
• Controls should be selected from the same study population. If this rule cannot be 
followed, there should be solid evidence that the population supplying controls has 
the same exposure as the population that is the source of cases. 
• Within the strata of factors that will be used for stratification in the analysis, 
controls should be selected independently of their exposure status (i.e. random 
sampling within strata), so that the sampling rate for controls should not vary with 
exposure status (Rothman et al., 2012). 
• Controls should be free of the disease being studied. Moreover, controls should 




3.5.3.7 Sources of controls 
 
Controls can be selected from several sources: hospital controls, population or 
community controls, and friends or relative controls (Rothman, Greenland, and Lash 
2012). Controls for this study were selected from the outpatient department of the same 
hospital where cases were recruited. However, it is always hard to define the population 
residing in the very large catchment area where the cases arose. Selecting controls from 
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the same catchment area as the cases will be difficult if not impossible, because the 
selected hospital is the tertiary and only dental hospital in Bangladesh. Therefore, using 
controls from the same hospital will lead to a less biased estimate of effect compared 
with community- or population-based controls (Rothman, Greenland, and Lash, 2012). 
There is continuous debate on the advantage of hospital controls over population-
based controls or vice versa. A study on cancer in a Chinese hospital conducted three 
parallel case-control studies on the risk factors for leukaemia, breast cancer, and 
colorectal cancer using both hospital- and population-based controls. When comparing 
both types of controls, the study concluded that hospital outpatients provide satisfactory 
control groups for a hospital-based case-control study (Li, Zhang, and Holman, 2013). 
However, a case-control study conducted among a group of hospitals in Canada 
suggested population-based controls are the best fit for hospital-based case-control study 
(Neupane, et al., 2010). Though, they investigated acute cases (pneumonia) and 
restricted the study population to the hospital catchment area, which serves 1-2 million 
people. Nevertheless, limiting the catchment area for rare cases such as oral cancer would 
be a time-consuming and expensive process. 
Recently a hospital-based case-control study was conducted in two cardiac 
hospitals in Bangladesh to explore the relationship between SLT use and risk of chronic 
heart disease. The study also compared the efficacy of hospital and community controls. 
Study findings showed there was no difference between hospital and community controls 
in terms of socio-demographics or risk variables and the observed association between 
disease and the risk factors were also similar (Rahman et al., 2011). The study concluded 
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that for a future case-control study conducted in a context of limited resources and a 
difficult socio-political environment, hospital controls could be enrolled in the hospital-
based case-control study. Therefore, considering the above scenario, selecting hospital 
controls was the preferred approach for the present study. 
 
3.5.3.8 Number of controls 
 
Case-control studies usually include one to four controls per case to boost the 
statistical power of the analysis. Considering more than one control per case is justifiable 
for a hospital-based case-control study. However, increasing the control number to over 
four controls per case adds little or no statistical power (Hennessy et al., 1999). Using 
multiple control groups involves considerable labour and cost. Additional controls should 
be included if it results in negligible cost and if controls are readily available. 
Controls were recruited from the outpatient department of the hospital. For each 
case, two frequency matched (gender and age) controls were recruited. As mentioned 
earlier, it is always hard to define the source population when the hospital is the only 
tertiary-level dental hospital of a country. However, patients are referred to the hospital 
from various parts of the country for various dental-related problems. Therefore, 
recruiting controls from the hospital was the only logical option. To reduce the risk of 
underrepresenting the source population, in the current study we selected two controls 
per case (Rothman, Greenland, and Lash, 2012). 
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3.5.3.9 Selection criteria for controls 
 
Inclusion criteria for controls 
• Patients who visited the outpatient deprtment of the dental hospital during July 
2015 to December 2015. 
• Patients whose condition was not diagnosed more than one week earlier. 
• Patients who were over 18 years of age. 
• Patients who were fit (physically and mentally) to provide reliable information. 
• Patient gender-matched with cases. 
• Patient age matched with cases (+/- five years). 
• Patient did not have a history of oral cancer. 
• Patient did not have a history of pre-cancerous lesions. 
• Agreed and signed consent form to participate in the study. 
 
Exclusion criteria for controls 
• Patients who are in the hospital due to tobacco or alcohol-related diseases. 
• Physically and mentally debilitated patients who are unable to provide reliable 
information. 
• A patient who had already gone through the treatment procedure. 
• Patients who did not provide consent to take part in the study. 
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3.5.4 Justification of the matched design 
 
Matching refers to the selection of a reference series—controls in a case-control 
study—that is identical, or nearly so, to the index series with respect to the distribution 
of one or more potential confounding factors (Rothman, Greenland, and Lash, 2012). 
Most commonly used matching variables are age and gender. In some circumstances, 
race, marital status, area of residence hospital etc. may be sensible matching criteria. 
Woodward (2014) provided a summary of the advantages and disadvantages of 
matching: 
Advantages 
• It allows for direct control of the potential confounding by matching variables. 
Meaning, the adjustment of the relationship between the risk factor and disease 
for the matching factors is achieved intuitively and leads to a clear interpretation 
in the sense that the observed associations are independent from the matching 
factors. 
• It ensures that adjustment is possible. 
• In some cases, matching improves the efficiency of the investigation, such as a 
smaller sample size could be used or the effect of a risk factor could be estimated 
within a smaller confidence interval. 
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Disadvantages 
• Data collection procedures are more complex, as it may be difficult to find a 
suitable match for every case. 
• Data analysis must account for the matching and requires matched analysis. The 
process is both complex to understand and compute. 
• The effect of matching variables cannot be estimated. 
• The effect of the risk factors cannot be estimated without adjusting the matching 
variable. 
• If the matching is performed incorrectly, there is a chance of overmatching. 
 
 There are two types of matching in a case-control study: individual and frequency 
matched. Matching can be performed subject-by-subject, also known as individual 
matching, or for a group, also known as frequency matching. 
For the present study, controls were frequency matched with cases based on age 
group and gender. It might be argued that matching in the case-control study might 
increase the efficiency of the stratified analysis rather than preventing confounders to 
distort the associations observed. However, if the matching variables were true 
confounders (and age and gender often are true confounders), the matched analysis 
would be more efficient (Woodward, 2014). Previous study results suggest that age and 
gender are associated with both SLT use and oral cancer (Sreeramareddy et al., 2014; 
Khan, Tönnies, and Müller, 2014). Therefore, age and gender were indentified as 
potential confounders in assessing the association between SLT and oral cancer. To 
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control for the effect of these potential confounders, pair matching based on these 
characteristics was implemented and taken care of (adjusting in multivariate analysis) 
during the statistical analysis. 
 
3.5.5 Estimated sample size 
 
The estimated sample size for cases and controls were calculated to satisfy the 
power of 90% with a two-sided confidence interval of 95%. The sample size was based 
on a case to control ratio of 1:2. Estimated prevalence of exposure among controls was 
25% (Nargis et al., 2015) and among cases were set to 40%. The Fleiss method was 
used to calculate the sample size (Fleiss, Levin, and Paik, 2003). The estimated sample 
size for the cases was 157 and 314 for controls with a case to control ratio of 1:2 as per 
the calculation below: 
 
n = sample size in the case group 
r = ratio of controls to cases of 1:2 
P = average proportion exposed = proportion of exposed cases + proportion of exposed 
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Z β = standard normal variate for power = for 80% power it is 0.84, and for 90% power, 
the value is 1.28 
Zα/2 = standard normal variate for level of confidence (at 5% type I error (p < 0.05) it 
is 1.96, and 1% type I error (p < 0.01) is 2.58) 
p 1 – p 2 = effect size or difference in proportions exposed expected based on previous 
study, here p1 refers to the proportion among cases and p2 the proportion among 
controls 
 






= 0 ⋅ 40 
Therefore, the average proportion of exposed would be, ?̅?  = 
(0⋅40+0⋅25)
2
= 0 ⋅ 325 
 







(0.325) (1 − 0 ⋅ 325)(1 ⋅ 28 + 1 ⋅ 96)2
(0 ⋅ 40 − 0.25)²
 













𝑛 = 1.5 × 104.60 
𝑛 = 157 
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We successfully recruited 169 new oral cancer cases and 338 frequency matched controls 
maintaining a case to control ratio of 1:2. (See the Appendix K for post-hoc power 
calculation) 
 
 3.5.6 Quality assurance and quality control 
 
Quality control and quality assurance are two significant contributors to the 
reliability of a case-control study (Blomgren et al., 2006). Quality assurance refers to the 
activities that ensure the quality of the data before data collection, and quality control 
refers to the effort to monitor and maintain the quality of the data throughout the 
duration of the study (Szklo and Nieto, 2014). A systematic review conducted by Whitney, 
Lind, and Wahl (1998) regarding the importance of the quality assurance and quality 
control found that these are the most important practices of any study, as the conclusions 
drawn from the study are largely determined by the quality of the data collected. In 
particular, poor quality can decrease the power of the study and cause type II errors. 
Moreover, potential bias due to faulty instruments or errors concerning the 
implementation of study protocol may result in an incorrect report of relationships 
between the exposure variables and the disease (outcome) of interest (type I errors = 
false positives = failing to reject a true null hypothesis) or missing a true underlying 
association (type II errors = false negatives = failing to reject a false null hypothesis). 
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Therefore, minimising all potential errors is of paramount importance in the planning and 
implementation of the case-control study. 
Traditionally quality assurance is comprised of detailed protocol preparation, data 
collection instrument development, procedures and manual of data collection procedures, 
and training and certification of staff. These activities are followed by a pre-test or pilot 
study with adjustments made as needed. In constrast, quality control activities include 
observations of procedures performed by the staff to identify any deviation from the study 
protocol and to ensure the validity and reliability of the study. Detailed quality assurance 
and quality control strategies for the current study are discussed below. 
 
 3.5.6.1 Quality assurance 
 
 Detailed study protocol 
The study protocol contained a detailed description of the general components of 
the investigation. It described the general design and procedures used for the study and 
assisted staff members to understand the study context and specific activities to be 
performed. A detailed description of how the data collection activity should be conducted 
to maximise the likelihood of uniformity of the data collection procedures was also 
provided. For example, the research assistant was able to refer to the protocol to ensure 
familiarity with the inclusion and exclusion criteria for the cases (histopathological 
confirmed new oral cancer cases not diagnosed more than a week ago), and with the 
WHO’s ICD-10 oral cancer classification for recruitment of appropriate cases for the study. 
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After each interview session, additional research assistant who did not conducted the 
interview went through each section of the questionnaire to look for missing data and if 
any discrepancies presented, they were clarified immediately with the participants. 
Further, the completed questionnaire was cross-checked by the principal investigator the 
following day. 
 Data collection instrument development 
 
Development or choice of data collection instrument and the corresponding 
manual is a key step in the study design. The study questionnaire was adopted from the 
HeNce lifestyle study. HeNce lifestyle study is an international hospital-based case-control 
study that investigated the aetiology of head and neck cancer in three different countries: 
Brazil, Canada, and India. The data collection instrument for the above study was 
validated (Laprise et al.,2017; Laprise et al., 2016; TekkePurakkal, et al., 2018) and 
adapted according to the Bangladeshi context (see Appendix G for the questionnaire). 
Using a previously validated questionnaire assured the quality of the present study. 
However, a slight modification was required to suit the current study population and 
purposes. Details of the modification are discussed in a later section. To ensure the 
modified version-maintained reliability and validity, a pilot study was conducted, and the 
instrument was amended accordingly. 
 




The aim of staff training is to ensure familiarity with the procedures under each 
person’s responsibility (Szklo and Nieto, 2014). The procedure includes the data collection 
process, procedures, setting up an appointment for the interview, visiting target 
departments of the hospital, preparing materials for interviewers etc. (Szklo and Nieto, 
2014). The principal investigator and two research assistants, who were trained and 
registered dentists, conducted all data collection procedures. Additionally, both research 
assistants had previous experience conducting hospital-based studies. Extensive training 
was provided to the research assistants by the principal investigator. Each of the research 
assistants was equipped with a data collection manual to ensure standardisation of data 
collection to prevent misclassification. To confirm that research assistants were following 
the standard data collection procedures, some of the interviews were randomly tape 
recorded with participant permission, which was checked by the study coordinator for 
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3.5.6.2 Quality control 
 
The validity of an epidemiological study can be categorised into two main 
components: internal validity and external validity or generalisability (Rothman, 
Greenland and Lash, 2012). Selection bias, information bias, and confounders are the key 
metrics to ensure internal validity. 
Selection bias 
 
Selection bias may arise while selecting both cases and controls. However, 
selection bias occurs less frequently while selecting cases. It happens when exposed 
cases have higher possibilities of being selected compared to non-exposed cases or vice 
versa. As suggested by Rego (2010), the inclusion criteria that determine cases must be 
defined in a way which will assures that all the true cases have the equal likelihood of 
being selected as cases and need to ensure no false cases are selected. As false case 
may mispresent the estimate of the measure of association towards the null hypothesis. 
 To avoid the selection bias for the present study, only biopsy-confirmed new oral 
cancer cases were recruited. All the new oral cancer cases that arose during the study 
period were invited to take part in the study. Recruiting all new or incidence cases for the 
present study also minimised the selection bias. This type of selection bias is also known 
as Neyman’s bias (Souza et al., 2016). Prevalent cases are affected by the duration of 
the disease and duration is in turn influenced by the treatment, cures and mortality that 
is associated with the disease. For example, a case-control study could be carried out to 
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look at the association between smoking and risk of stroke. In the study all the cases 
were selected within 30 days of developing the stroke. If cases who smoked heavily die 
more frequently, then all the surviving cases that will be recruited for the study would 
have lower frequency of smoking, therefore will decrease the association between 
smoking and stroke. 
In a case-control study, selection bias may also arise when controls are not 
representative of the base population from where the cases arose. Thus, the controls 
should not be chosen based on their level of exposure but rather should represent the 
distribution of the exposure in the study population (Souza et al., 2016). Controls were 
selected from the same hospital as cases, thus produced more confidence in the validity 
of the study findings (Wacholder et al., 1992). Moreover, the risk of disease was assessed 
by controlling for the potential confounders (gender and age) during data analysis. The 
adjustment of the confounders eliminated bias in the crude association between the 
exposure and the controls’ disease. The same adjustment for the confounders was done 
during the multivariate analysis for the study, which eliminated the potential bias caused 
by using a particular disease as a source of controls. Another option to reduce the 
selection bias would be to recruit all the controls with a single disease when the 
investigator had complete confidence that the disease was unrelated to the exposure of 
interest. However, rarely there is enough convincing evidence that the assumption of 
independence of the study exposure and controls’ disease is satisfied. Therefore, for the 
present study, controls were selected from several sources of diseases whose risk factors 
were not related to the exposure of interest. 
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Information bias 
Due to the retrospective nature of the case-control study, present study may be 




Recall bias arises from the differential recall of exposure information by cases and 
controls. It can arise if cases are likely to provide more or less accurate information about 
past exposure compared to controls. Using proxies, such as next of kin, can also cause a 
differential recall. This problem is more common in prevalent cases (Grimes and Schulz, 
2002). To minimise the recall bias for this study, the following methodological strategies 
were applied: 
• Only incident cases whose biopsy was confirmed within the previous week were 
recruited as cases. This allows for more accurate attainment of information, as 
cases are less likely to change their habits (exposure of interest). Controls were 
eligible for recruitment if they presented with any disease not related to the 
exposure of interest and not diagnosed more than one week earlier. By 
introducing a threshold of one week for both cases and controls, the accuracy of 
information is expected to be similar between both groups. 
• Appropriate control groups were used. The assumption behind this is that the 
controls are similar to the cases with their concern about the cause of their 
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disease. Therefore, the accuracy of information between cases and controls is not 
violated (Hassan, 2005). 
• A standardised data collection instrument was used. Information about the 
exposure was collected in the same way using the same well-structured validated 
questionnaire to ensure comparable accuracy of information collected. 
• Using hospital-based controls was another measure to ensure the comparable 
accuracy of information between cases and controls (Szklo and Nieto, 2014). 




Interviewer bias is another common type of information bias in a case-control 
study, which refers to a systematic difference between how information is solicited, 
recorded, and interpreted. This bias is more likely to occur when the disease status is 
known to the interviewer (Pannucci and Wilkins, 2010). To minimise the interviewer bias, 
interviewer was unaware of whether the participant was a case or a control. To ensure 
that interviewer is unaware of the case or control status, cases and controls were 
recruited and interviewed in two steps. In first step, research assistant had selected the 
cases and controls from target departments and completed the preliminary medical 
information section. Later, patients were sent to a separate room where principal 
investigator and other research assistant had conducted interviews. Prior to interview 
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patients were requested not to talk about their disease condition unless asked by the 
interviewer. 
Confounders 
The term confounder refers to a situation in which a non-causal association 
between a given exposure and an outcome is observed because of the influence of a third 
variable or ‘confounding variable’ (Szklo and Nieto, 2014). To be considered confounding, 
the variable must be related to both the risk factor and the outcome under study. From 
an epidemiological standpoint, confounding is distinct form of bias. 
To eliminate the effect of confounders for the present study, two types of 
measures were taken. The first measure was taken during the study design and before 
the process of data gathering, and the second measure was taken during the data 
analysis. For the present study, age and gender were potential confounders, as previous 
studies suggested that age and gender both are associated with SLT use (exposure of 
interest) and risk of developing oral cancer (Sreeramareddy et al., 2014a; Khan, Tönnies, 
and Müller, 2014). To eliminate the confounding effect, cases and controls were age and 
gender-matched, as restriction eliminates variation in the confounder (Pourhoseingholi, 
Baghestani, and Vahedi, 2012). Additionally, to detect and eliminate the confounding 
effect, crude odds ratios from unconditional logistic regression was employed to provide 
an adjusted result. By examining the difference between the crude and adjusted result, 
we were able to estimate the effect of confounding (Pourhoseingholi, Baghestani, and 
Vahedi, 2012). If the difference between the crude and adjusted result was greater than 
15%–20%, the potentially confounding factors were regarded as confounder. 
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 3.5.7 Recruitment of study participants 
 
 Two dentists were recruited as research assistants (RAs) and were trained by the 
principal investigator. All the cases for the study were identified from the oral surgery 
department of the hospital. Controls were selected randomly from the outpatient 
department of the same hospital. The recruitment of the controls was based on age and 
sex distribution of the cases. To maintain a good balance of case and controls, a weekly 
frequency matching list was generated. The research group tried to recruit the required 
number of controls per cases every week. Any potential study participant was approached 
by one of the RAs. The purpose of the study was explained to the potential participant 
as well as the benefits and risks of participating in the study. In addition, the RAs 
described how confidentiality and anonymity would be maintained and how to withdraw 
from the study. RAs also answered questions from the study participants. Every 
participant was provided with a participant information sheet, which was translated into 
Bengali. Written consent was taken from all the study participants. However, illiterate 
participants were permitted to use a thumb impression on the consent form, a common 
practice in Bangladesh for consent, which is also used for voting in the national election. 
Besides, previous studies conducted in Bangladesh had used the same method to obtain 
the consent of illiterate participants (Kabir et al., 2016). In these situations, RAs explained 
the patient information sheet and consent form to the participant in the presence of a 
witness, and one of the copies of the consent form was given to the study participants. 
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The main interview was conducted by the principal investigator and one of the RAs who 
were unaware of whether the participant was case or control. 
 
3.5.8 Study instrument 
 
 3.5.8.1 Structured questionnaire 
 
Following the informed consent, face-to-face interviews were conducted with the 
study participants. The interview lasted approximately 30-45 minutes. A structured 
questionnaire and life grid were used during the interview. 
The questionnaire collected several types of exposures, including socio-
demographic information (gender, age, marital status, education, and occupation), 
weight and height measurement for BMI, behavioural habits (SLT use, tobacco smoking, 
and alcohol), oral health indicators (partial and complete dentures, frequency and 
substance used to clean teeth, presence of gum bleeding and ulcers, ad frequency of 
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3.5.8.2 Life grid 
 
 The life grid approach was incorporated into the interview to enhance the recall of 
related life events or personal behaviour. It uses a temporal reference line of significant 
personal and family or external events and dates to prompt and structure the acurate 
recall of the information of interest (Blane, 1996; Berney and Blane, 1997). The method 
was developed by Blane (1996) to improve the quality of retrospective data collection. 
This method helps the study participants to locate past information more accurately by 
relating it to major events in their past. 
 A modified version of the life grid was employed to improve the quality of the 
collected data (See Appendix H). The life grid was introduced at the beginning of the 
interview. It consisted of four main columns (housing, education or jobs, personal habits, 
and memorable life events, such as date of marriage, child’s birthday, the death of any 
close person etc.). In addition, the middle line indicated the participant's age. The housing 
section recorded any important date or the participant’s age at the time of any key 
changes that were related to the residential status. Age could also be related to starting 
school or attending secondary school, writing an exam, starting a new job or leaving a 
job. Moreover, participants were asked to record their age when they started smoking or 
using SLT or alcohol if applicable. Finally, major life events, such as age when they were 
married, the birth of their first child, the age when there was a significant natural disaster, 
or significant movement in national politics were recorded before the interview. Once all 
the important life events were registered in the life grid referring the central age line, a 
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structured interview was conducted by cross-referencing the date and age with the life 
grid events. If there was any confusion about the age and date in the questionnaire, it 
was clarified with the study subject with the help of the life grid. 
 
3.5.9 Study measures 
 
3.5.9.1 Outcome variable 
 
Oral cancer was the outcome variable of the study. The definition of oral cancer in 
this study was based on revised ICD-10 classifications, which included oral cancer of lips, 
tongue, gums, the floor of the mouth, palate, cheek, vestibule of the mouth, and the 
retromolar area (WHO, 2014b). Only histologically confirmed new oral cancer cases were 
recruited for the study. Histologically confirmed cases are regarded as the gold standard 
for the diagnosis of the malignant lesions (Mehrotra et al., 2012). The outcome variable 
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3.5.9.2 Explanatory variables 
 
Socio-demographics 
Information regarding gender, age, marital status, education, and occupation was 
recorded for each study participant and logged as categorical variables. For the purpose 
of the univariate analysis, age was specified as either below 55 years of age or above. 
Marital status was recorded as single, married, or divorced, but was dropped during the 
univariate analysis due to the insufficient variation across the categories (more than 98% 
of the study participants were married). Regarding education status, participants were 
categorised into two main categories: no-formal education and formal education. 
Employment categories were also merged into two categories: in paid employment and 
unpaid employment/unemployed. 
 
 Body mass index (BMI) 
 To investigate the relationship between BMI and risk of having oral cancer among 
Bangladeshi subjects, initially height and weight were measured. Later, BMI was 
measured using the following formula: 
BMI = x KG / (y M * y M) (Centres for Disease Control and Prevention, 2018b) 
Where, x = bodyweight in KG, y = height in metres. 
218 | P a g e  
 
Later, to explore the independent association BMI was categorised into three main 
groups: Under-Weight: <18.50; Healthy Weight: 18.50 - 24.99; Over-weight: ≥25.00. 
However, in the predictive model BMI was considered as continuous variable. 
Smokeless tobacco use 
For the present study SLT are defined as type of tobacco products that are not 
burned but predominantly used orally (chewed, sucked, dipped, held in the mouth, etc.) 
or nasally. Any other chewing products that do not contain tobacco was not considered 
as SLT. Such as, betel nut, betel leaf, panmasal etc.  
For the present study “overall chewing habits” include both SLT and non-tobacco 
product. “Chewing habits with SLT” only include chewing products that contains SLT and 
“chewing habits without SLT” includes chewing products that does not contain tobacco.  
Study participants who had used SLT for at least one year at any point in their life 
were considered an “ever user” of SLT. Ever users who had stopped taking SLT at least 
one year prior to the interview were considered a “past user” of SLT. Study subjects 
who had never tried SLT in their lifetime were considered a “never user”. Ever users 
who currently use SLT daily or occasionally were considered a “current user”. Any 
changes in chewing habits of less than one year were not taken into consideration. 
Information related to distinct types of SLT and its ingredients were collected. In 
this study, betel quid was defined as a combination of betel leaf, areca nut, and slaked 
lime. Based on the combination of betel quid and SLT, chewing substances were 
categorised into Zarda only, betel quid with Zarda, betel quid without Zarda, areca nut 
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with Zarda, areca nut without Zarda, Sadapata only, betel quid with Sadapata, gul 
(Powdered tobacco leaf), pan masala (mixture of tobacco and other flavouring agents), 
and betel leaf alone. In addition, other possible combinations of SLT were recorded in 
other’s section. 
A comprehensive history of SLT was recorded. Respondents were asked to 
describe their SLT habit by dividing their lifetime consumption into periods based on the 
homogeneity of type of SLT and frequency of use. One may use different type of SLT in 
different frequencies at different point in their life. As an example, if a man started 
chewing BQ at the age of 30 and used two different types (BQ with tobacco and BQ 
without tobacco), each in three different frequencies (used per day) until the age of 70, 
his SLT habit history will have six different periods. For each homogeneous period 
following information was recorded: age of onset, age at quit, frequency of use per day, 
minutes of each time they chewed SLT. The total duration of use was calculated from the 
difference between the age of onset and end of the period in years. A cumulative variable 
was created to understand the lifetime intensity of SLT use based on the information 
collected. Similar to the calculation of smoking pack-years, for the present study total 
duration of use in lifetime and frequency of use per day was translated to a variable call 
“chew-years”. Similar to the cigarette packs, 10 SLT portions was considered as one pack. 
Then frequency of SLT per day was divided by ten to determine the number of packed 
consumed per day. One chew year was thus defined as ten portions of SLT used per day 
for one year. 
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(Frequency of SLT per day × Total duration of SLT habit in years) 
(Number of portions in per SLT pack) 
 
Tobacco smoking 
Cigarettes and bidi are the most common forms of smoked tobacco used in 
Bangladesh (Nargis, et al., 2015). Another form of tobacco that is smoked by the 
Bangladeshi population is a water pipe, which is locally known as a ‘hukkah’ (it includes 
a tobacco bowl on the top, body, water bowl, and a mouthpiece) (WHO, 2015). 
In this study, tobacco smoking was categorised into three main categories: 
cigarettes (filtered, non-filtered, or hand-rolled), bidi, and water pipes or hukkah. An 
“ever smoker” of cigarettes was defined as an individual who had reported smoking at 
least one year in his or her lifetime. “current smoker” is an individual who had smoked 
at least 100 cigarettes in their lifetime and currently smokes at the time of the interview. 
“past smoker” is an individual who had smoked 100 cigarettes in their lifetime and gave 
up smoking completely one year prior to the interview (CDC, 2017b). 
  Tobacco smoking is a multidimensional process that requires an extensive and 
precise manner of investigation. The current study collected detailed information related 
to participant’s smoking habits. The information included the total duration of smoking 
(initiation and cessation age) and total consumption per day. In addition, type of 
cigarettes (filter, non-filter, and hand-rolled) was also recorded. 
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In the next phase, a cumulative variable was created to look at the lifetime 
intensity of smoking. A conventional method used to measure the lifetime intensity of 
tobacco smoking is called ‘pack-year’. This value is calculated by multiplying smoking 
duration with daily tobacco use (number of cigarettes or bidi per day) (Bernaards et al., 
2001). According to the National Cancer Institute, pack-year is “a way to measure the 
amount a person has smoked over a long period of time. It is calculated by multiplying 
the number of packs of cigarettes smoked per day by the number of years the person 
smoked” (NCI, 2017). 
A pack-year of cigarettes will be equal to smoking 20 cigarettes (1 pack) per day 
for 1 year or two packs of cigarettes for half a year. The pack-year is calculated by 
multiplying the number of packs of cigarettes smoked per day by the number of years 
smoked. Initially, years of smoking was calculated by subtracting the cigarette initiation 
age from the age of cessation or age during the interview if he/she was a current smoker. 
The number of cigarettes smoked per week and month was converted into number of 
cigarettes smoked per day. In next step, the number of cigarette packs smoked per day 
was calculated by dividing the number of cigarettes smoked per day with the number of 
cigarettes in a pack. In Bangladesh, a standard cigarette pack contains 20 cigarettes. 
Therefore, the number of cigarettes per day was divided by 20 to determine the number 
of cigarette packs smoked per day. 
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Below are some examples to understand the calculation of pack-year: 
A person who is 46 years old and reported smoking 25 cigarettes a day for last 10 years 
and 15 cigarettes a day before that. He or she started smoking at 18 years old and never 
quit smoking. 
The total period of smoking = 28 years. 
25/20 × 10 = 12.5 pack-years. 
15/20 × 18 = 31.5 pack-years 
Therefore, total pack-years in his or her life course would equal 44. 
However, for participants who had a history of quitting smoking, the calculation 
was conducted in the following manner: A person who is 50 years old reported quitting 
smoking in 2015. However, he reported smoking 10 cigarettes a day for 15 years. 
Moreover, before that, he had reported smoking 6 cigarettes a day. He started smoking 
at the age of 15 and quit smoking at the age of 45. He also quit smoking 5 times with an 
average duration of 3 months. 
Therefore, the total duration of smoking (without quitting period) = 30 years. 
Total quitting time: 5 × 3/ 12 = 1.3 years. 
10/20 × [15 – (10/30 × 1.3)] = 7.2 pack-years 
5/20 × [15 – (5/30 × 1.30)] = 3.7 pack-years. 
Therefore, total pack-years for this person would equal 10.9. 
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The pack-year calculation for filtered and non-filtered cigarettes was later classified 
in three different categories (never smoker, moderate smoker, and heavy smoker). 
Subjects who had never smoked cigarettes before formed the never smoker group. The 
rest of the group was categorised into two groups (moderate and heavy smoker) using 
median distribution as a cut-off point. 
Detailed information about bidi and water pipe/hukkah smoking was also recorded. 
Bidi and water pipe initiation and cessation age and consumption per day were recorded. 
To explore the lifetime intensity of bidi smoking, pack-year of bidi was calculated using 
the same formula above. A standard bidi pack in Bangladesh contains 25 bidis. Therefore, 
while calculating the pack per day, the number of bidis smoked per day was divided by 
25 and multiplied by the total years of use. Due to a limited number of observations in 
some categories, bidi smoking was categorised into two groups (non-smoker and 
smoker), as a limited number of respondents contributed to this category. 
For example, if a person is 55 years old and reported smoking five bidis per day 
from the ages of 21 to 34 years, his total bidi smoking period would equal 13 years (34 - 
21 = 13). Therefore, the calculation for pack-years would be the following: 
5/25 × 13 = 2.6 pack-years 
To calculate the pack-year for water pipe smoking, information about the initiation 
and cessation age and number of pipes full of tobacco smoked per day were recorded. 
In the next step, the number of pipes per day was divided by five to obtain the equivalent 
packs per day with the assumption that one pipe full of tobacco is equivalent to four 
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commercial cigarettes (Schlecht, et al., 1999). Later, pack-year was calculated by dividing 
pack per day with total years of consumption (subtracting cessation age or current age 
from initiation age). 
For example, if a person is 50 years old and reported using one pipe full of tobacco per 
day from aged 30 to 40 years, the total years of water pipe smoking will be 10 years. 
Therefore, the pack-year calculation would be the following: 1/5 × 10 = 2 pack-years. 
 
 Alcohol consumption 
The overall prevalence of alcohol drinking is extremely low in Bangladesh. A recent 
study conducted by Islam et al., (2017) had reported only 5.6% of the total population 
in Bangladesh had ever drank alcohol. Bangladeshi law had strictly prohibited the 
consumption of alcohol, and socially unacceptable. Yet, it is available throughout the 
country and is also produced locally. Therefore, it is possible participants may not disclose 
their alcohol use. To address this issue, participants were ensured the anonymity and 
confidentiality of the data provided. A detailed purpose of the study was explained to the 
participants. To ensure the privacy, interview was conducted in a separate room where 
only interviewer and the study participant were presented.  
Based on the definition of alcohol in Bangladesh, an alcoholic beverage is any 
liquor that has an alcohol content of ≥0.5%, such as beer (5% volume), wine (12% 
volume), spirits (40% volume), and locally made toddy (Islam et al., 2017). Detailed 
information about the of type of alcoholic beverage (locally made alcohol, wine, beer, 
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spirits, or others) were recorded, the unit of drinking (small glass (50ml;1-2oz), medium 
glass (100ml; 2-3oz), big glass (250ml; 7oz); ½ small bottle (330ml; 1beer); bottle (700-
750 ml; 21oz)) was obtained. Additionally, the age of initiation and cessation and total 
consumption frequency per day, week, and month were also recorded. 
However, due to a limited number of responses in this category, this variable was 
dropped from the disease model. Only eight respondents (1.5%) reported ever drinking 
alcohol. Details of their drinking pattern will be reported in the results section (seeTable 
45). 
 
 Oral health indicators 
Detailed information of oral health indicators (status of wearing a complete and 
partial denture, instrument used to clean the teeth, the frequency of cleaning teeth, 
substance used to clean the teeth, the status of gum bleeding and ulcers or cuts from 
dentures or teeth, and frequency of dentist visits in the last 20 years) were recorded. 
A denture was defined as a complete or partial removable appliance that replaces 
one or more teeth. Status of using complete and partial dentures was obtained with the 
site (top, bottom, or both top and bottom). Due to very few numbers of responses, 
variables related to complete dentures were excluded from the disease model. Status of 
partial dentures was recorded with its position in the mouth (top, bottom, or both top 
and bottom). 
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  The instrument used to clean teeth was recorded as toothbrush, fingers, or sticks. 
The frequency of teeth cleaning was recorded as never, less than once a week, 1-2 times 
a week, every other day, once a day, or twice or more a day. However, later they were 
merged into once a day and twice or more a day for the disease model due to the limited 
number of observations in other categories. The substance to clean teeth was recorded 
as charcoal, toothpaste, toothpowder, or none. This was later categorised into none or 
others, toothpaste, and toothpowder due to few observations in some categories. The 
status of gum bleeding, history of mouth ulcers and frequency of dental visits in the last 
20 years was also recorded. However, due to a limited number of responses in the dentist 
visit category, the variable was later categorised into visit when had pain or never. 
Family history of cancer 
Detailed information about the family history of cancer was recorded. Respondents 
were asked if any of their biological family members ever had cancer. Information about 
their relationship with the person with cancer, survival status, current age or age when 
they died, type of cancer, and age of diagnosis was also recorded. However, this variable 
was later dropped due to an insufficient number of respondents in this category. 
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3.5.10 Data management & analysis 
 
 All the data were entered and stored in MS excel 2013. The data analysis was 
carried out using statistical software SPSS Version: 24. Data analysis was conducted in 
two steps. In first step simple descriptive analysis was conducted to describe the 
characteristics of the study subjects and in second step unconditional logistic regression 
model was used to estimate the association between SLT use and oral cancer risk. 
 
3.5.10.1 Descriptive statistics 
 
 To describe the study profile and base line characteristics of cases and controls, 
descriptive statistics were first performed. Simple descriptive analysis: frequency 
distribution, percentage and mean were performed to describe the basic characteristics 
of the study subjects. To compare the distribution of categorical variables across cases 
and controls cross-tabulation was used. To explore the association between categorical 
variables Chi-Square test or Fisher-Exact test were performed when appropriate. Simple 
t-test was used to estimate the difference in mean between cases and controls. The 
characteristics described in the analysis included: age, gender, education status, work 
status, BMI, SLT use variables, Smoking variables (cigarettes, bidi and water pipe), 
Alcohol use variables, Oral health indicators, and family history of cancer. 
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3.5.10.2 Logistic regression 
 
 The association between exposure and outcome variables were estimated with 
odds ratio (OR) and their 95% Confidence interval and was derived from logistic 
regression analysis. Logistic regression analysis is a type of statistical method where 
outcome variable (dichotomous or binary) is associated with explanatory variables by 
means of logistic functions. The aim of the logistic regression analysis is to treasure the 
best fitting model (which is also biologically sensible) to describe the relationship between 
the binary outcome variable and a set of independent variables. With this method the 
probability of disease occurrence is assessed by fitting the data to the logistic curve. 
Logistic regression model generates the coefficients to predict the logit transformation of 
the probability of disease occurrence. 
Below is the example of a typical logistic regression model: 
 
(Hosmer, Lemeshow, Sturdivant, 2013) 
Here, 𝑝 is the probability of disease occurrence and (1 − 𝑝) is the probability of disease 
not occurring and the logit transformation is defined as log odds. The log odds of the 
disease or outcome variable can be presented as a linear function of the independent 
variables. Shown above. Here, 𝑏0 is the y-intercept and 𝑥1 to 𝑥𝑘 are the independent 
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variables. 𝑏1 to 𝑏𝑘 are coefficients which indicates the degree of association between 
outcome variable and explanatory variables. 
 
(Hosmer, Lemeshow, Sturdivant, 2013) 
 
Below is the example of the logistic regression model for the association between 
SLT use and oral cancer, and adjusted for age, gender, education status, work status, 
and smoking history. This model did not consider any interaction term and assumed there 
is no interaction between the variables. 
𝒍𝒐𝒈 ⅈ 𝒕(𝒑) = 𝒃𝟎 + 𝒃𝟏(𝑺𝑳𝑻) + 𝒃𝟐(𝒂𝒈ⅇ) + 𝒃𝟑(𝒈ⅇ𝒏𝒅ⅇ𝒓) + 𝒃𝟒(ⅇ𝒅𝒖𝒄𝒂𝒕ⅈ𝒐𝒏 𝒔𝒕𝒂𝒕𝒖𝒔) +
𝒃𝟓 (𝒘𝒐𝒓𝒌 𝒔𝒕𝒂𝒕𝒖𝒔) + 𝒃𝟔 (𝒔𝒎𝒐𝒌ⅈ𝒏𝒈 𝒔𝒕𝒂𝒕𝒖𝒔). 
Using logistic regression for data analysis was appropriate for the present study 
since the dependent variable was dichotomous (yes or no) presence of oral cancer or not 
and allowed simultaneously adjusted for potential confounders (age and gender). An 
unconditional logistic regression model used for the data analysis and matching variables 
were included in the model. It is well known that matched case-control study uses 
traditional matched method of data analysis: conditional logistic regression. However, 
previous study result showed that the studies that are matched on demographic variables 
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such as: age and gender are loosely matched data and unconditional regression is the 
appropriate method when the age and gender distribution of the study subjects are not 
significantly apart (Kuo, Duan, Grady, 2018). Besides, easy to access, straightforward 
interpretation, preserving unmatched controls were reported as some of the advantages 
of unconditional logistic regression model (Pearce, 2016). Conditional logistic regression 
model is considered when the analysis strata are small such as just one case and one 
control for each stratum whereas when the analysis strata is bigger than 1:1 unconditional 
logistic regression model is the suitable choice. Thus, for the present study unconditional 
logistic regression model was used to evaluate the relationship between oral cancer and 
SLT use and other established risk factors. 
The joint effect of SLT use and smoking was evaluated using both multiplicative 
and additive relative risk models. In each step, the interaction term was included in the 
model of which the two lower terms were included, and the likelihood ratio statistics was 
used to evaluate the significance of that additional interaction terms. The interaction term 
that were tested was “SLT use status (dichotomous)*smoking (dichotomous)” and 
“cumulative exposure to SLT (dichotomous)* smoking (dichotomous)”. 
The population attributable fraction (PAF) for Bangladeshi subjects was calculated 
using the Odds ratio derived from the unconditional logistic regression model and the 
prevalence of SLT from the national tobacco survey from Bangladesh (WHO, 2017). 




 (Rothman, Greenland and Lash, 2012) 
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Later, total number of attributable incidence cases (AC) of oral cancer was 
calculated using the following formula AC = PAF * TC. Here, TC is the total number of 
annual incident cases of oral cancer. The estimated annual incidence cases of oral cancer 
was obtained from Global Cancer Observatory, 2018. 
 
3.5.11 Ethical considerations 
 
The study was approved by the Anglia Ruskin University Research ethics 
committee and the participating hospital (see Appendix I). As mentioned in the earlier 
section, potential cases and controls were approached by the RAs and the study 
procedures were explained to the study participants. Written consent was obtained from 
each participant after handing out and explaining the patient information sheet. Thumb 
impressions were obtained from participants who were illiterate after reading out and 
explaining the consent form and patient information sheet by the interviewer with the 
presence of a witness. One copy of the consent form was provided to the study 
participants. The consent form and the patient information sheet were translated into 
Bengali prior to the administration. A copy of the patient information sheet and consent 
form can be found in the Appendix- J.
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Chapter IV. Results 
 
 
4.1 Adolescent cross-sectional survey Findings 
 
 The aim of the adolescent cross-sectional survey was to investigate the practice 
and pattern of smokeless tobacco (SLT) use as well as the knowledge and perception 
about its adverse effects among rural Bangladeshi adolescents. In addition, the study 
determined the predictors of current SLT use. 
 Students from grade seven to nine from two rural secondary schools in Ramgoti 
Upazila of Lakshmipur district, Bangladesh were enrolled in the survey during September 
2015. In total, 790 students completed the school survey. Both schools and students 
response rates were 100%. The current chapter presents the findings of the data 
analysis. The chapter is divided into three major sections. The first section identified the 
demographic characteristics followed by current practice and pattern of SLT use. The 
second section identified the knowledge and perception of SLT use and its adverse 
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4.1.1 Demographic details 
 
 The majority of the survey respondents were male, 63.3% (500) and 36.7% (290) 
were female students (see Table 19). The main occupation of the student’s father was 
farming 62.4% (493) followed by business 18.4% (145). Most of the study participants’ 
mothers were houseworkers 98.90% (781). Age patterns showed that 40.4% (319) of 
the students included in the study were 13 years old or younger, 29% (229) were 14 
years old and 30.6% (242) were 15 years or older. The mean age of the students was 
13.84 ±0.07 years old and the median age was 14. There was no notable difference in 
mean age of male 13.96 ±0.07 and female students 13.65 ±0.07. 
 
4.1.2 Pattern and practices of smokeless tobacco use 
 
 
4.1.2.1 Smokeless tobacco uses and its types 
 
 Over 90% (715) of the students never tried SLT. Overall, 9.5% (75) students had 
ever used SLT and 3.7% (29) students were current SLT users. Male had a higher 
incidence of both ever and current SLT use (See Table 20). When the incidence of SLT 
use examined across age group, SLT was more prevalent among older adolescents (14 
years and above) (see Table 21). 
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 ‘Zarda’ was the most favoured form of SLT among both ever 80% (60) and current 
users (75.9%). Pan masala was the second-most conventional form, overall 20% of ever 
users and 24.1% of current users reported using it. A similar choice was seen across both 















Gender    
Male  63.3% (500) 68.0% (51) 62.8% (449) 
Female 36.7% (290) 32.0% (24) 37.2% (266) 
Age    
13 or younger 40.4% (319) 16.0% (12) 42.9% (307) 
14 29.0% (229) 34.7% (26) 28.4% (203) 
15 or older 30.6% (242) 49.3% (37) 28.8% (205) 
Father’s job    
Farming 62.4% (493) 62.7% (47) 62.4% (446) 
Business 18.4% (145) 18.7% (14) 18.3% (131) 
Gov. employee 1.4% (11)   8.0% (6)   0.7% (5) 
Non-Gov. 
employee 
6.1% (48)   4.0% (3)   6.3% (45) 
Doctor 1.3% (10)   1.3% (1)   1.3% (9) 
Teacher 3.0% (24)   2.7% (2)   3.1% (22) 
Daily labourer 1.9% (15)   0%   2.1% (15) 
Unemployed 0.4% (3)   1.3% (1)   0.3% (2) 
Others 5.2% (41)   1.3% (1)   5.6% (40) 
Mother’s job     
Housework   98.9% (781) 98.7% (74) 98.9% (707) 
Gov. employee   0.3% (2)   0%   0.3% (2) 
Teacher   0.9% (7)   1.3% (1)   0.8% (6) 
Others: Did not mention the father's profession. SLT: Smokeless tobacco 
 
235 | P a g e  
 
 
Table 20: Smokeless tobacco use and its types across males and females 
Measures Male (n) Female (n) Total (n) 
P-valueª 
 
Ever SLT use ᵇ     
Never 62.8% (449) 37.2% (266) 100% (715) 
0.38 
Ever 68.0% (51) 32.0% (24) 100% (75) 
Current SLT use ᶜ     
No 63.2% (481) 36.8% (280) 100% (761) 
0.33 
Yes 65.5% (19) 34.5% (10) 100% (29) 
SLT type     
Zarda 76.5% (39) 87.5% (21) 80.0% (60) 
0.36 
Panmasala 23.5% (12) 12.5% (3) 20.0% (15) 
ª P-value derived from chi-square test; ᵇ Tried SLT at least once in their life; ᶜ Tried SLT at least once in last 30 days 
 
Table 21: Smokeless tobacco use and its types across age categories 
Measures <14 years old ≥14 years old Total (n)  
P-Value ª 
 
Ever SLT use ᵇ    <0.001 
Never 96.2% (307) 86.6% (408) 90.5% (715) 
Ever 3.8% (12) 13.4% (63) 9.5% (75) 
Current SLT use ᶜ    0.44 
No 99.1% (316) 9.5% (445) 96.3% (761) 
Yes 0.90% (3) 5.5% (26) 3.7% (29) 
SLT Type    0.43 
Zarda 91.7% (11) 77.8% (49) 80.0% (60) 
Panmasala 8.3% (1) 22.2% (14) 20.0% (15) 
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4.1.2.2 Smokeless tobacco initiation age 
 
 Regarding the age of onset, students started using SLT as early as seven years 
old or younger 5.3% (4). When the age of onset was observed by gender, males 35.3% 
(18) tried SLT at an earlier age (10-11 years old) compared to females 41.7% (10) (12-
13 years old) (see Table 22) and the association was statistically significant, p=0.03. 
 
Table 22: Smokeless tobacco initiation age across gender 
Measures Male Female Total (n) P-Value 
ª 
 
Age at SLT initiation    0.03 
≤ 7 Years 7.8% (4) 0% 5.3% (4) 
8 - 9 years 3.9% (2) 8.3% (2) 5.3% (4) 
10 - 11 years 35.3% (18) 25.0% (6) 32.0% (24) 
12 - 13 years 31.4% (16) 41.7% (10) 34.7% (26) 
14 - 15 years 21.6% (11) 25.0% (6) 22.7% (17) 
Did not use 62.7% (32) 58.3% (14) 61.3% (46) 
ª P-value obtained from Fisher-exact test 
 
 Relating to the SLT use status, majority current and former users reported trying 
SLT at the age between 12 to 13 years old (see Table 23). 
Table 23: Smokeless tobacco initiation age across smokeless tobacco use status 
Measures Past users Current users Total (n) P-Value ª 
 
Age at SLT initiation     
0.56 ≤ 7 Years 8.7% (4) 0% 5.3% (4) 
8 - 9 years 4.3% (2) 6.9% (2) 5.3% (4) 
10 - 11 years 32.6% (15) 31.0% (9) 32.0% (24) 
12 - 13 years 34.8% (16) 34.5% (10) 34.7% (26) 
14 - 15 years 19.6% (9) 27.6% (8) 22.7% (17) 
ª P-value derived from Fisher-exact test 
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4.1.2.3 Smokeless tobacco dependency 
 
 When inquired about the number of days SLT used in last 30 days (only current 
users), majority current users 24.0% (18) used it only 1 to 2 days. Among gender, girls 
reported using SLT more days compared to boys, 20.8% (5) females compared to 5.9% 
(3) males reported using it 3 to 5 days in last month Table 24). 
 Users were questioned about the number of times SLT used per day in the last 30 
days (current users), only 34.5% (10) reported using SLT at least once per day. Among 
gender, males had a higher frequency of SLT use per day compared to females (see Table 
24). 
 Students were asked if they had a strong desire to use SLT first thing in the 
morning, only 9.3% (7) students reported sometimes felt to use SLT first thing in the 
morning. When examined across gender, more females 12.5% (3) compared to males, 
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Table 24: Distribution of smokeless tobacco use pattern and dependency across gender 
Measures Males (n) Females (n) Total (n) P - 
value 
Number of days SLT use     
Did not use 62.7% (32) 58.3% (14) 61.3% (46) 0.28 ᵇ 
1 to 2 days 27.5% (14) 16.7% (4) 24.0% (18)  
3 to 5 days   5.9% (3) 20.8% (5) 10.7% (8)  
20 to 29 days   0.0%   4.2% (1)   1.3% (1)  
All 30 days   3.9% (2)   0.0   2.7% (2)  
Frequency per day 
(current) 
    
Less than once per day 63.2% (12) 70.0% (7) 65.5% (19) 0.71 ª 
At least once per day 36.8% (7) 30.0% (3) 34.5% (10)  
Use SLT, first thing in 
the morning 
    
No 90.2% (46) 87.5% (21) 89.3% (67) 0.78 ᵇ 
Yes sometimes   7.8% (4) 12.5% (3) 9.3% (7)  
Yes always   2.0% (1)   0.0 1.3% (1)  
The desire to use it 
again 
    
Never 80.4% (41) 91.7% (22) 84.0% (63) 0.88 ª 
Within 60 minutes   9.8% (5)   8.3% (2) 9.3% (7)  
1 to 2 hours   5.9% (3)   0.0 4.0% (3)  
1 to 3 days   2.0% (1)   0.0 1.3% (1)  
4 Days or more   2.0% (1)   0.0 1.3% (1)  
SLT Smokeless Tobacco, ª Chi-Square Test, ᵇ Fisher-Exact test, Significant results are bold 
 
 Regarding a strong craving to use SLT again just after using it, only 13.3% (10) 
participants wanted to use SLT again within two hours or less. Regarding gender 
difference, 15.7% (8) male compared to 8.3% (2) female students acknowledged getting 






239 | P a g e  
 
4.1.3 Outcome expectancies 
 
 ‘‘Outcome expectancy’’ (One of the constructs of SCT) was measured by examining 
the reasons for SLT use. Many students 36.7% (29) did not know the reason for using 
SLT. Among those mentioned a reason, pleasure was the most often quoted reason for 
SLT use 26.7% (20). Regarding gender, only male participants 9.3% (5) stated using SLT 
due to peer pressure (see Table 25). 
 
Table 25: Reason for using smokeless tobacco across gender 
Measures Male (n) Female (n) Total (n) P-value ª 
 
Reasons     
Taste 13.0% (7) 12.0% (3) 12.7% (10) 0.47 
Smell 5.6% (3) 4.0% (1) 5.1% (4) 
Pleasure 27.8% (15) 28.0% (7) 26.7% (20) 
Feels better 0.0% (0) 4.0% (1) 1.3% (1) 
Friend does 9.3% (5) 0.0% (0) 6.3% (5) 
Do not know 37.0% (20) 36.0% (9) 36.7% (29) 
Other reason 7.4% (4) 16.0% (4) 10.1% (8) 
ª Fisher-exact test 
 
4.1.4 Perceived barrier 
 
 Students were asked whether they preferred to quit SLT now. Overall, 89.7% (26) 
of current users wished to stop using SLT now. Among current users, 94.7% (18) males 
and 80.0% (8) females wanted to quit SLT (see Table 26). 
 Regarding the attempt to quit SLT in the past 12 months, overall 34.5% (10) 
current SLT users tried to stop SLT but failed. Amongst both genders, the male had a 
higher rate of failure in quitting SLT compared to the female students [42.1% (8) vs 
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20.0% (2)]. Students were inquired about their perception of quitting SLT, 59% (466) of 
the students thought it is not hard to quit and this percentage was higher among males 
(see Table 26). 
Table 26: Perceived barrier of quitting smokeless tobacco across gender 
Measures Male (n) Female (n) Total (n) 
P-
value 
Want to stop (Current 
users) 
    
Yes 94.7% (18) 80.0% (8) 89.7% (26) 0.58ª 
No 5.3% (1) 20.0% (2) 10.3% (3) 
Tried to stop (Current 
users) 
    
Tried but unsuccessful 42.1% (8) 20.0% (2) 34.5% (10) 0.13 ª 
Did not try to quit 57.9% (11) 80.0% (8) 65.5% (19) 
     
Difficulty quitting SLT     
No 60.0% (300) 57.2% (166) 59.0% (466) 0.45 ª 
Yes 40.0% (200) 42.8% (124) 41.0% (324)  
Source of help to quit 
(Current user) 
    
A programme 0.0% (0) 0.0% (0) 0.0% 0) 0.54 ᵇ 
Friend 42.1% (8) 0.0% 27.6% (8) 
Family 31.6% (6) 80% (8)  43.8% (14) 
No help 26.3% (5)   20.0% (2) 24.1% (7) 
Health warnings     
No 47.1% (24) 41.7% (10) 45.3% (34) 0.80 ᵇ 
Yes, did not care 17.6% (9) 41.7% (10) 25.3% (19) 
Yes, thought of quitting 35.3% (18) 16.7% (4) 29.3% (22) 
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4.1.5 Cues to action 
 
 Referring to the support to quit SLT, no one received advice from a programme or 
professionals. Family and friends were the main sources of aid for those reported getting 
help to quit (see Table 26). 
 Table 26 illustrates that majority SLT users 45.3% (34) did not see any anti-
tobacco message on SLT packages. Only 29.3% (22) mentioned seeing the health 
warning label of SLT packages and that led them to think about quitting SLT. 
 
4.1.6 Access and availability 
 
 Table 27 shows most students who tried to buy SLT in the past 30 days got it from 
someone else 41.4% (12) and 34.4% (10) obtained it from stores and shops. Getting 
SLT from someone was the dominant sources of SLT for both male 38.1% (8) and female 
students 50% (4). 
Table 27: Availability and accessibility of smokeless tobacco across gender 





Source of SLT     
School Shop   4.8% (1)   12.5% (1)   6.9% (2) 0.52 ª 
Street Vendor 14.3% (3) 0.0% 10.3% (3) 
Someone else 38.1% (8)   50.0% (4)   41.4% (12) 
Store near house 19.0% (4) 0.0% 13.8% (4) 
Got it another way 23.8% (5)   25.0% (2)  24.1% (7) 
On the way to school 0.0%   12.5% (1)   3.4% (1) 
Refuse to sell SLT     
No 62.5% (10)   71.4% (5)  65.2% (15) 0.68 ᵇ 
Yes 37.5% (6)   28.6% (2) 34.8% (8) 
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ª P-value derived from Fisher-exact test; ᵇ P-value derived from Chi-square test 
 
 To assess the efficiency of tobacco control law which prohibited selling SLT to the 
minors, respondents were asked whether anyone refused to sell SLT because of their 
age, more than 60% ever SLT users and 86% (12) current SLT users were able to buy 
SLT without any restriction. A Fisher-Exact Test was conducted between current SLT use 
and status of refusal because of age. There was a significant statistical association 




 The overall susceptibility to SLT use was 2.8% (22) when offered by friends and 
was significantly associated with ever SLT use (see Table 28). Specifically, 8% (6) of ever 
SLT users compared to 2.2% (16) of never users were likely to use SLT if offered by their 
friend (p = 0.01). 
Table 28: Self-efficacy across gender and smokeless tobacco use status 





If offered by a Friend    0.26 
No 97.8% (489) 96.2% (279) 97.2% (768) 
Yes   2.2% (11)   3.8% (11)   2.8% (22)  




Total (n) P-value 
ª 
If offered by a Friend     
No 97.8% (699) 92% (69) 97.2% (768) 0.01 
Yes 2.2% (16) 8.0% (6)   2.8% (22) 
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4.1.8 Knowledge about the adverse effects of smokeless tobacco 
use 
 
 Knowledge about the harmful effects of SLT was measured with three constructs 
of the HBM (perceived susceptibility, perceived severity, and perceived benefits). 
4.1.8.1 Perceived susceptibility 
 
 The overall knowledge about the harmfulness of SLT use was good among 
respondents. Majority adolescents 75.6% (597) thought SLT use is bad for health (see 
Table 29). However, 21.2% of survey participants did not know whether SLT use is bad 
or good for health. Among gender, more females 26.2% (76) compared to males 18.6% 
(93) did not know whether SLT use is good or bad for their health. As assessed by Fisher-
Exact test, it was statistically significant, P = 0.01 (see Table 30). 
 When examined across SLT use status, never users had greater knowledge in this 
category compared to ever users where, 4% ever users compared to never users 0.60% 
thought SLT use is good for health. The association was statistically significant, where p-











244 | P a g e  
 
Table 29: Overall perception of smokeless tobacco use across gender and user status 
ª fisher-exact test 
 
 Students were further asked about the several common adverse effects of SLT and 
its chemical contents to consider their perceived susceptibility. When respondents were 
asked whether SLT causes white patches in the mouth, 29.2% (231) did not know SLT 
causes white lesions. More Females compared to males thought SLT use does not cause 
white patches in the mouth (18.6% vs 9.2%). The association was statistically significant, 
p <0.001 (see Table 30). When looked by SLT use status, 28.1% (201) never users and 







Measures Male (n) Female (n) Overall (n) P-
Value 
 
Do you think SLT use is    0.01 ª 
Do not Know 18.6% (93) 26.2% (76) 21.4% (169) 
Good for health 0.6% (3) 1.4% (4) 0.9% (7) 
Neither good or bad 1.6% (8) 3.1% (9) 2.2% (17) 
Not good 79.2% (396) 69.3% (201) 75.6% (597) 
 







Do you think SLT use is    0.02 ª 
Do not Know 21.5% (154) 20.0% (15) 21.4% (169) 
Good for health 0.6% (4) 4.0% (3) 0.9% (7) 
Neither good or bad 2.2% (16) 1.3% (1) 2.2% (17) 
Not good 75.7% (541) 74.7% (56) 75.6% (597) 
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Table 30: Knowledge about the harmful effects and contents across gender 
 
ª Fisher-Exact test 
 
  
 Regarding oral cancer, majority students 64.3% (508) knew SLT causes oral 
cancer. Yet, 25.3% (200) participants did not know, and 10.4% (82) thought SLT use 
does not cause mouth cancer. When looking at gender, more females compare to males 
thought SLT use does not cause oral cancer (13.1% vs 8.8%). When compared across 
SLT use status, there was a considerable disparity between never and ever users who did 




SLT causes white 
patches 
   <0.001 
No 9.2% (46) 18.6% (54) 12.7% (100) 
Yes 59.2% (296) 56.2% (163) 58.1% (459) 
Do not know 31.6% (158) 25.2% (73) 29.2% (231) 
SLT cause oral cancer     
No 8.8% (44) 13.1% (38) 10.4% (82) 0.08 
Yes 66.8% (334) 60.0% (174) 64.3% (508) 
Do not know 24.4% (122) 26.9% (78) 25.3% (200) 
 SLT cause gum 
diseases 
    
No 8.8% (44) 15.9% (46) 11.4% (90) 0.01 
Yes 64.8% (324) 58.6% (170) 62.5% (494) 
Do not know 26.4% (132) 25.5% (74) 26.1% (206) 
SLT causes heart 
disease 
    
No 9.6% (48) 19.7% (57) 13.3% (105) <0.001 
Yes 67.2% (336) 51.0% (148) 61.3% (484) 
Do not know 23.2% (116) 29.3% (85) 25.4% (201) 
 SLT contain nicotine     
No 9.8% (49) 12.1% (35) 10.6% (84) <0.001 
Yes 62.2% (311) 47.6% (138) 56.8% (449) 
Do not know 28.0% (140) 40.3% (117) 32.6% (257) 
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not know that SLT causes oral cancer (24.1% vs 37.3%). The association was statistically 
significant, p= 0.01 (see Table 31). 
 
Table 31: Knowledge about the harmful effects and contents across smokeless tobacco 
use status 














SLT causes white 
patches 
   0.09 
No 12.9% (92) 10.7% (8) 12.7% (100) 
Yes 59.0% (422) 49.3% (37) 58.1% (459) 
Do not know 28.1% (201) 40.0% (30) 29.2% (231) 
SLT cause oral cancer     
No 11.0% (79) 4.0% (3) 10.4% (82) 0.01 
Yes 64.9% (464) 58.7% (44) 64.3% (508) 
Do not know 24.1% (172) 37.3% (28) 25.3% (200) 
 SLT cause gum 
diseases 
    
No 12.4% (89) 1.3% (1) 11.4% (90) <0.001 
Yes 64.1% (458) 48.0% (36) 62.5% (494) 
Do not know 23.5% (168) 50.7% (38) 26.1% (201) 
SLT cause heart 
disease 
    
No 14.1% (101) 5.3% (4) 13.3% (105) 0.003 
Yes 62.0% (443) 54.7% (41) 61.3% (484) 
Do not know 23.9% (171) 40.0% (30) 25.4% (201) 
 SLT contain nicotine     
No 10.6% (76) 10.7% (8) 10.6% (84) 0.003 
Yes 58.6% (419) 40.0% (30) 56.8% (449) 
Do not know 30.8% (220) 49.3% (37) 32.5% (257) 
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 Respondents were further questioned if SLT causes gum diseases. The majority 
students 62.5% (494) answered yes. However, more females than males thought SLT 
use does not cause gum diseases (15.9% vs 8.8%) and the association was statistically 
significant, p = 0.01 (see Table 30). Among SLT users and non-users, there was a 
considerable difference where 50.7% (38) ever users compared to 23.5% (168) never 
users did not know this fact. The association was statistically significant, p <0.001 (see 
Table 31). 
  Participants were asked if SLT causes heart diseases. The majority students 
61.3% (484) answered yes and 25.4% (201) students did not know. Overall, females 
were less aware than males of the risk of heart disease related to SLT use. More females 
than males thought SLT does not cause heart diseases (19.7% female vs 9.6% male). 
The association was statistically significant (p <0.001). Regarding SLT use status, a 
significant proportion of ever users 40.0% (30) compared to 23.9% (171) never users 
did not know that SLT uses cause heart diseases. The association was statistically 
significant, p = 0.003 (see Table 31) 
 Regarding the harmful content of SLT, 43.1% students either did not know or 
thought SLT does not contains nicotine. When compared across gender, higher 
percentage of female students 12.1% (35) compared to 9.8% (49) male students thought 
SLT does not contain nicotine. The association was statistically significant (P < 0.001) 
(see Table 30). Across the SLT use status, there was a marked difference between never 
and ever users in this category; 49.3% (37) ever users compared to 30.8% (220) never 
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users did not know SLT contains nicotine. The association was statistically significant, p 
= 0.003 (see Table 31). 
4.1.8.2 Perceived benefits 
 
 
 Students were asked if there is any benefit of SLT use to their health; 98.2% (776) 
responded no and only 1.8% (14) answered yes. The answer did not vary across gender. 
However, there was a statistically significant association between never users and ever 
users, where 5.3% (4) ever users compared to 1.4% (10) never users thought SLT use 
had benefit to their health (see Table 32). 













Are there benefits of 
SLT to your body and 
health? 
   0.23 
No 97.8% (489) 99.0% (287) 98.2% (776) 
Yes 2.2% (11) 1.0% (3) 1.8% (14) 







Are there benefits of 
SLT to your body and 
health? 
   0.03 
No 98.6% (705) 94.7% (71) 98.2% (776) 
Yes 1.4% (10) 5.3% (4) 1.8% (14) 
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4.1.8.3 Perceived severity 
 
 Regarding the relative harm of SLT use, a majority student 57.8% thought SLT 
use is less harmful compared to smoking tobacco. More male 29.6% (148) compared to 
18.6% (54) female thought SLT use was less harmful compared to ST. The association 
was statistically significant (p-value 0.002). Among SLT use status, never users had a 
better knowledge in this category compared to ever users. More ever users 72% 
compared to 56.2%n ever users either did not know or thought SLT is less harmful than 
smoking tobacco. The association was statistically significant, as estimated by Fisher-
exact test p = 0.02 (see Table 33). 
Table 33: Perceived severity across gender and smokeless tobacco use status 
ª Fisher-exact test 
 




Does SLT cause less 
harm compared to ST? 
   0.002 
No 39.0% (195) 47.9% (139) 42.3% (334) 
Yes 29.6% (148) 18.6% (54) 25.6% (202) 









Does SLT cause less 
harm compared to ST? 
   0.02 
No 43.8% (313) 28.0% (21) 42.3% (334) 
Yes 24.6% (176) 34.7% (26) 25.6% (202) 
Do not’ know 31.6% (226) 37.3% (28) 32.2% (254)  
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4.1.8.4 Knowledge index across various factors 
 
 Table 34 illustrates the knowledge category across various factors. Respondents 
were categorised into three main groups based on the overall score distribution (poor 
knowledge, average knowledge, good knowledge). Overall, 54.2% (428) of respondents 
had a good knowledge about the disastrous effects of SLT. The majority of never SLT 
users (55.4%;396) scored in the good knowledge category compared to ever users 
(42.7%; 32). Male respondents were more aware of SLT use hazards (56%) compared 
to females (51%) (see Table 34). Knowledge was also significantly associated with 
respondent’s ability to refuse SLT if offered by friend, 55.2% (424) of respondents who 
would refuse to use SLT if offered by a friend had the good knowledge compared to 
18.2% (four) of those who would use SLT (p = 0.003). In addition, respondents who 
thought quitting SLT is easy had the poor knowledge 9.6% (31) compared those who 
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SLT use status     
Never users 15.9% (114) 28.7% (205) 55.4% (396) 0.05* 
Ever users 25.3% (19) 32.0% (24) 42.7% (32) 
Current users 27.6% (8) 24.1% (7) 48.3% (14) 0.28* 
Gender     
Male 14.6% (73) 29.4% (147) 56.0% (280) 0.08* 
Female 20.7% (60) 28.3% (82) 51.0% (148) 
Age     
14 < years  18.5% (59) 26.3% (84) 55.2% (176) 0.32* 
≥ 14 years 15.7% (74) 30.8% (145) 53.5% (252) 
Fathers 
profession 
    
Farmer 18.2% (93) 29.5% (151) 52.3% (267) 0.25* 
Other 14.3% (40) 28.0% (78) 57.7% (161) 
Age of onset     
≤ 7 years 25.0% (1)   0.0% 75.0% (3) 0.17** 
  8 - 9    0.0%   0.0% 100.0% (4) 
10 - 11  20.8% (5) 33.3% (8) 45.8% (11) 
12 - 13  23.1% (6) 46.2% (12) 30.8% (8) 
14 - 15  41.2% (7) 23.5% (4) 35.3% (6) 
Want to quit     
Yes 30.2% (13) 34.9% (15) 34.9% (15) 0.54* 
No 12.5% (1) 37.5% (3) 50.0% (4) 
Tried to quit last 
year 
    
Yes 9.5% (2) 38.1% (8) 52.4% (11) 0.49* 
No 22.2% (12) 29.6% (16) 48.1% (26) 
Health warning     
Yes 29.3% (12) 43.9% (18) 26.8% (11) 0.007* 
No 20.6% (7) 17.6% (6) 61.8% (21) 
If offered by a 
friend 
    
Yes 27.3% (6) 54.5% (12) 18.2% (4) 0.003* 
No 16.5% (127) 28.3% (217) 55.2% (424) 
Difficult to quit     
Yes 9.6% (31) 32.4% (105) 58.0% (188) <0.001* 
No 21.9% (102) 26.6% (124) 51.5% (240) 
*Chi-Square Test, ** Fisher-Exact test, Significant results are bold 
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4.1.9 Predictors of current smokeless tobacco use 
 
4.1.9.1 Univariate logistic regression result 
 
 Logistic regression was applied to determine independent predictors of current SLT 
use. Binominal logistic regression was used as the dependent variable (current SLT use) 
was dichotomous (Yes/No). Univariate logistic regression was first performed as an initial 
screening to establish variables that can be used to predict current SLT behaviour (see 
Appendix F). Akaike information criterion (AIC) was further obtained for each variable. 
Some variables were presented with different cut-off values. Each of these then was 
assessed and the variable with the lowest AIC was included in the final model. Only 
variables that were significant in the initial screening (univariate logistic regression) were 
included in the multivariate regression model. 
 
 The univariate logistic regression analysis indicated that age was significantly 
associated with current SLT use. Respondents who were 14 years and older were six 
times more likely to be current SLT users compared to those less than 14 years old [OR 
= 6.15, 95%CI: 1.85-20.51, p = 0.003]. Respondents whose father’s profession was 
other than farming were 0.37 times less likely to be current SLT users compared to those 
with farmer [OR= 0.37, 95% CI: 0.14 – 0.98, p = 0.04]. Respondents who were not 
refused to buy SLT because of their age were 12 times more likely to be current SLT 
users [OR= 12.0, 95% CI: 1.56-92.29, p= 0.017]. However, the estimate was not precise 
as certainly few observations in this category and dropped for the multivariate model 
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because of poor model fit. Regarding the ‘Self-efficacy’ Students who would use SLT if 
offered by a friend were six times more likely to be current users compared to those who 
would not [OR- 6.60, 95%CI: 2.08 -20.95, p = 0.001]. In addition, the perception 
regarding the difficulty of quitting was also associated with current SLT use. Students 
who felt it is easy to quit SLT are over two times likely to be current SLT users [OR- 2.75, 
95%CI: 1.11-6.84, p= 0.02]. Respondents who considered there is a health benefit of 
SLT use were five times more likely to be current SLT users [OR = 5.05, 95%CI: 1.31-
18.31, p = 0.014]. Besides, students who thought SLT is less harmful compared to 
smoking tobacco were more than three times likely to be current SLT users [OR = 3.73, 
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Table 35: Univariate analysis of predictors of current smokeless tobacco use 
Categories Crude OR ª 95% CI of OR P- 
value 
AIC 
Gender (Personal characteristics)    252.53 




Father’s profession (Personal characteristics)    247.78 




Age (Personal characteristics)    239.14 
<14 years old Reference Reference 0.003 
≥ 14 years old 
 
6.15  1.85-20.51 
Reason for using SLT (outcome expectancies)      
Do not Know Reference Reference 0.07 253.12 
Had a reason 
 
0.41 0.16-1.07 
Refuse to sell SLT because of your age (Environmental 
factors)  
    
Yes Reference Reference 0.02 252.39 
No 12.0 1.56-92.29 
If someone offered you SLT, would you use it? (Self-
efficacy) 
   245.28 




Noticed any health warning on the SLT packages (Cues 
to action) 
   252.98 
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Categories Crude OR ª 95% CI of OR P- 
value 
AIC 




Did you receive help to quit SLT? (Cues to Action)   0.26 252.25 




Is it difficult to quit? (Perceived barriers)    247.00 




Do you think SLT use is good for health? (Perceived 
benefits)  
   252.88 




Are there any benefits of using SLT? (Perceived 
benefits)  
   248.21 




Does SLT cause less harm to health compared to ST? 
(Perceived severity)  
   243.67 




Does SLT cause white patches in the mouth? 
(Perceived susceptibility) 
   251.29 
Yes Reference Reference 0.07 
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1.54 0.73-3.24   
Can SLT cause oral cancer? (Perceived susceptibility)    251.65 




Does SLT cause gum diseases? (Perceived 
susceptibility) 
    
252.40 




Does SLT cause heart diseases? (Perceived 
susceptibility) 
   251.34 




Does SLT contain nicotine? (Perceived susceptibility)    249.45 
Yes Reference Reference 0.07 
No 1.96 0.92-4.17 
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4.1.9.2 Multivariate logistic regression result 
 
 After incorporating the significant variables from univariate analysis into the model, 
only fathers’ job became non-significant while the remaining variables were still significant 
predictors of current SLT use. 
 Multivariate analysis results indicated that older adolescents (14 years or over) 
were six times more likely to be current users than those younger adolescents (less than 
14 years old) (P=0.003) holding the other variables constant. Self-efficacy was one of 
the significant predictors of current SLT use. Respondents who would use SLT if offered 
by a friend were nearly six times likely to be current SLT users compared those who 
would not use [OR = 5.79, 95% C. I = 1.62-20.62, p = 0.007]. Both perceived barriers 
and perceived benefits were significant predictors of current SLT. Both odds ratios 
exceeded three (see Table 36). Perceived severity was also a strong predictor of current 
SLT use. Respondents who thought SLT was less harmful (compared to smoking tobacco) 
was more than two times likely to be current SLT users compared to those who did not 
[OR = 2.78, 95% CI = 1.01-7.61, p = 0.04]. For the final model diagnostic please see 
the Appendix F. 
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Table 36: Multivariate analysis of predictors of current smokeless tobacco use 
Categories B SE B Wald ϰ² 
Odds 
ratio 




Father’s profession (Demographic factors)       
Farmer Reference Reference Reference Reference Reference 0.08 
Others 
 
-0.88 0.51 2.90 0.42 0.15-1.14 
Age (Demographic factors)       
<14 years old Reference Reference Reference Reference Reference 0.003 
≥ 14 years old 
 
1.89 0.63 9.06 6.59 1.93-22.50 
If someone offered you SLT, would you use it? 
(self-efficacy)  
      
No  Reference Reference Reference Reference Reference 0.007 
Yes 
 
1.76 0.65 7.34 5.79 1.62-20.62 
Is it difficult to quit? (Perceived barrier)       
Yes Reference Reference Reference Reference Reference 0.02 
No 
 
1.19 0.49 5.98 3.31 1.27-8.65 
Are there any benefits of using SLT? (Perceived 
benefits)  
      
No  Reference Reference Reference Reference Reference 0.03 
Yes 
 
1.54 0.71 4.73 4.67 1.16-18.67 
Does SLT cause less harm to health compared 
to ST? (Perceived severity)  
      
No  Reference Reference Reference Reference Reference 0.04 
Yes 
 
1.02 0.51 3.96 2.78 1.01-7.61 
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4.2 Hospital-based case-control study findings 
 
 A hospital-based case-control study was conducted to establish the association 
between SLT use and oral cancer risk among Bangladeshi adults. Additionally, other 
known or putative risk factors for oral cancer in the study population were examined. 
This section of the chapter presents the findings of the case-control study. The chapter 
is presented in four major sections. The first section demonstrates the case and control 
participation, general characteristics of the non-participants. Additionally, the cancer site 
and histopathological grading of the recruited cases and underlying conditions of controls 
hospital visit, or admission is also explored in this section. The second section presents 
findings from the descriptive analysis includes- socio-demographic characteristics of the 
case and controls and distribution of known and putative risk factors of oral cancer. Third 
section of the chapter identifies the odds ratios for oral cancer of known and possible risk 
factors. The last section focuses on exploring the association between SLT use and oral 
cancer risk and population attributable risk associated with SLT use. 
4.2.1 Case and control participation 
 
In this hospital-based case-control study, 169 incident (new cases) oral cancer 
cases were recruited during the July 2015 to December 2015. There were 182 new oral 
cancer cases identified during the study period. Among them nine patients declined to 
take part in the study due to time constraints. These patients were referred to another 
cancer hospital for further treatment. The study site only provides surgical treatment, 
other cancer care treatments such as chemo and radiotherapy patients are transferred to 
260 | P a g e  
 
nearest cancer hospital. Another four patients were unable to provide consent because 
of mental conditions. Overall, case participation rate was 92.86%. 
A total of 338 controls were selected from the outdoor departments of the same 
hospital with a case and control ratio of 1:2. Controls were frequency matched for gender 
and age (+/- five years old). Only nine patients declined to participate in the study. Table 
37 illustrates the distribution of non-participant cases and controls. Non-participation rate 
was higher among female cases and male controls. Marital status and age distribution 
were similar among participant cases, controls and non-participants cases and controls 
(see Table 37 and Table 41). The current SLT incidence among non-participant cases and 
controls were 76.9% and 44.4% respectively. The ever-smoking incidence among non-
participant cases and controls were 23.1% and 22.2%. 




controls (%)  
Gender   
Male 5 (33.4) 6 (66.7) 
Female 8 (61.6) 3 (33.3) 
Marital status   
Single 0 (0) 1 (10.0) 
Married 13 (100) 8 (90.0) 
 Age   
<55 years old 6 (46.1) 4 (44.4) 
≥55 years old 7 (53.9) 5 (55.6) 
SLT use status   
None 1 (7.7) 2 (22.2) 
Current users 10 (76.9) 4 (44.4) 
Past users 2 (15.4) 3 (33.4) 
Smoking status   
Never smoker 10 (76.9) 7 (77.8) 
Ever smoker 3 (23.1) 2 (22.2) 
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4.2.2 Distribution of cases according to clinical and 
histopathological characteristics 
 
As seen on Table 38 left buccal mucosa was the most common site for cancerous 
lesions with 62 cases (36.7%), followed by right buccal mucosa 54 (32%) and gum with 
20 cases (11.8%). The least common site was left side and middle of the tongue (one 
case each) followed by the lower lip and floor of the mouth, two cases each. 
 
 
Table 38: Distribution of cases according to the cancer site 
 
ICD Topographic Site n % 
(C03) Gums  20 11.8% 
(C00.4) Lower Lip  2 1.2% 
(C06) Left buccal mucosa 62 36.7% 
(C06) Right buccal mucosa  54 32.0% 
(C02) Left side of the tongue  1 0.6% 
(C02) Middle of the tongue  1 0.6% 
(C01) Back of the tongue  3 1.8% 
(C04) Floor of the mouth  2 1.2% 
(C05) Soft palate  5 3.0% 
(C06) Oral cancer with overlapping 
regions  
19 11.2% 
 Total 169 100.0% 
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Histopathological grading or Broder’s classification of tumour staging is a 
traditional pathological tool. Early study results described that histopathological grading 
of cancer is an effective tool in relation to prognostic value (Edmundson, 1948). Besides, 
it is a common practice in the staging of oral malignant tumours (Lindenblatt et al., 2012). 
Also, it is a frequently used method in public hospitals of developing countries where the 
TNM (Tumour Nodes Metastasis) system is associated with higher costs. The grading 
system is based on morphological characteristics of the tissue such as level of 
keratinisation, the pattern of invasion, the number of mitoses, nuclear polymorphism. 
Based on the above characteristics, there are four different grades of tumour staging: 
Grade I = Well-differentiated 
Grade II = Moderately differentiated 
Grade III = Poorly differentiated 
Grade IV = Anaplastic 
 
Table 39: Distribution of oral cancer cases according to histopathological differentiation 
 
Histopathological grade Categories n % 
Grade I Well-differentiated 103 60.9 
Grade II Moderately differentiated 58 34.3 
Grade III Poorly differentiated 8 4.7 
 
The oral cancer staging data were documented from the hospital medical record, 
where only histopathological differentiation data were available. Table 39 showed the 
distribution of oral cancer patients according to histopathological grading: Majority 
patients had well-differentiated tumours 103 (60.9%), followed by moderately 
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differentiated tumours 58 (34.3%). Only eight patients had poorly differentiated tumours 
4.7%. 
 
4.2.3 Distribution of hospital controls according to admission 
condition 
 
Table 40 illustrates the disease condition of the controls. As mentioned earlier the 
study was conducted in a tertiary-level dental hospital. Therefore, the underlying causes 
of patient admission were mostly dental-related problems. However, care was taken to 
ensure not recruiting any controls whose disease risk factor is associated with the 
exposure of interest (Woodward, 2014, p. 227). Based on the WHO ICD ten diseases 
classification system of controls cause of hospital admission were grouped into three 
major categories: diseases of the nervous system (G00-G99), diseases of the digestive 
system (K00-K93), injury, poisoning and certain other consequences of external causes 
(S00-T98) (WHO, 2014b). As the study site was a dental hospital, majority controls were 
randomly recruited from the digestive system diseases (K00-K93) 300 (88.76%), followed 
by injury, poisoning and certain other consequences of external causes (S00-T98) 9.17% 
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Description of the diseases n % 
Diseases of the 
nervous system 
(G00-G99)  
Trigeminal neuralgia, Other disorders of 
trigeminal nerve, Disorder of trigeminal nerve, 
unspecified, Atypical facial pain, Bell’s palsy 
 
7 2.07 
Diseases of the 
digestive system 
(K00-K93) 
Supplementary teeth retained [persistent] 
primary tooth, Embedded and impacted teeth, 
Edentulous alveolar ridge, Anomalies of tooth 
position, Temporomandibular joint disorders, 
retained dental root, Loss of teeth due to 
accident or extraction, Exfoliation of teeth due to 
systemic causes, Disorder of teeth and 








Injuries to the head, Injuries to the neck, 
Fracture, Injuries to the thorax, Effects of 
foreign body entering through the natural 
orifice, 
31 9.17 
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4.2.4 Distribution of study subjects according study variables 
 
4.2.4.1 Socio-demographic characteristics 
 
 
 The demographic details of the study participants are presented in Table 41 below. 
Majority cases were females 52.1% (88), and 47.9% (81) were males. The age of the 
study participants ranged from 28 to 92 years old, with a mean age of 53.96 ± 12.5 years 
old. The mean age for female and male participants were 52.59 ± 12.94 and 55.44 ± 
11.87 respectively. Most cases 98.2% (166) and controls 97.9% (331) were married. 
More than half of the cases 58% (98) did not have any formal education, whereas 41.7% 
(141) controls had formal education. Only 10.1% (48) cases and 9.2% (31) controls 
completed their primary education. Non-paid work such as house worker was the primary 
occupation for both female cases 72.7% (64) and controls 79% (139). Small business 
30.9% (25), farming 21% (17), and daily labourer 14.8% (12) were the main occupations 
of male cases. Besides, small business 25.3% (41) and farming 21.6% (35) were also the 
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Table 41: Socio-demographic characteristics 
 
Characteristics Control (%) Case (%) Total (%) 
Gender    
Male 162 (47.9) 81 (47.9) 243 (47.9) 
Female 176 (52.1) 88 (52.1) 264 (52.1) 
Marital status    
Single 7 (2.1) 3 (1.8) 10 (2.0) 
Married 331 (97.9) 166 (98.2) 497 (98.0) 
Age    
<40 years old 41 (12.1) 19 (11.2) 60 (11.8) 
40-49 years old 72 (21.3) 32 (18.9) 104 (20.5) 
50-59 years old 99 (29.3) 50 (29.6) 149 (29.4) 
60-69 years old 81 (24.0) 42 (24.9) 123 (24.3) 
>70 years old 45 (13.3) 26 (15.4) 71 (14.0) 
Mean ageª 53.96 ± 12.55 53.97 ± 12.47 53.96 ± 12.51 
Education    
No-formal Education 141 (41.7) 98 (58.0) 239 (47.1) 
<Primary school completed 53 (15.7) 16 (9.5) 69 (13.6) 
Primary school completed 31 (9.2) 17 (10.1) 48 (9.5) 
<high school completed 16 (4.7) 14 (8.3) 30 (5.9) 
High school completed 62 (18.3) 18 (10.7) 80 (15.8) 
College, university  31 (9.2) 6 (3.6) 37 (7.3) 
Post-grad degree  4 (1.2) 0 4 (0.8) 
Work status    
Govt. employee 14 (4.1) 3 (1.8) 17 (3.4) 
Non-Govt employee 27 (8.0) 9 (5.3) 36 (7.1) 
Business small 46 (13.6) 28 (16.6) 74 (14.6) 
Business large 2 (0.6) 0 2 (0.4) 
Farming 35 (10.4) 17 (10.1) 52 (10.3) 
Industrial worker 10 (3.0) 7 (4.1) 17 (3.4) 
Daily labourer 14 (4.1) 17 (10.1) 31 (6.1) 
Other self employed 2 (0.6) 0 2 (0.4) 
House worker 141 (41.7) 68 (40.2) 209 (41.2) 
Retired 20 (5.9) 9 (5.3) 29 (5.7) 
Unemployed, able to work 10 (3.0) 3 (1.8) 13 (2.6) 
Unemployed, unable to work 17 (5.0) 8 (4.7) 25 (2.6) 
ª (Standard deviation) 
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4.2.4.2 Distribution of subjects according to height, weight and body mass 
index 
 
  The mean BMI of study participants was 21.96±3.40 Kg/m², ranged from 13.29 
– 37.22 kg/m². Overall, males had slightly lower BMI 21.71±3.01 kg/m² compared to 
females 22.19±3.70 kg/m². Cases mean BMI (20.47 ± 3.79 kg/m²) was slightly lower 






Figure 17: BMI across cases and controls 
 
 Based on WHO guidelines: (Under-Weight: <18.50; Healthy Weight: 18.50 - 
24.99; Over-weight: ≥25.00). Majority cases 84 (49.7%) and controls 255 (76.6%) had 
Under weight below 18.5 Normal weight 18.5-24.9
Over weight above 25 and
above
Control 6.50% 76.60% 16.90%
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a healthy weight. As expected, many cases 62(36.7%) landed in the under-weight 
category. Whereas, a contrary scenario was detected among controls where many felt 
into over-weight category 51 (16.90%) (see Figure 17). Table 42 below illustrate the 
height, weight and BMI categories stratified by case or control status and gender. 
 









Male Female Male Female 
Height (m)ª 1.65±0.08 1.50±0.07 1.63±0.07 1.54±0.06 
Weight (kg)ª 54.68±8.7 46.79±8.92 60.06±8.57 54.57±8.21 
BMI kg/m²ª 20.17±3.33 20.73±4.16 22.48±2.52 22.91±3.22 
Under-weight (18.5 
kg/m²) 
31 (38.3%) 31 (35.2%) 11 (6.8%) 11 (6.3%) 
Normal weight (18.5-
24.9kg/m²) 
44 (54.3%) 40 (45.5%) 129 (79.6%) 130 (73.9%) 
Over-weight/obese (25 
kg/m² and above) 
6 (7.4%) 17 (19.3%) 22 (13.6%) 35 (19.9%) 
ª Mean with Standard deviation 
 
4.2.4.3 Distribution of subjects according to tobacco smoking 
 
 Table 43 represents the distribution of study subjects according to tobacco 
smoking status. None of the female participants reported smoking. Therefore, distribution 
of tobacco smoking habits are solely based on male. As predicted, the proportion of 
smokers and the intensity of smoking were higher among cases. Among cases, 27.8% 
(47) were tobacco smokers, whereas the corresponding percentage for controls was less 
(15.4%; 52). Dual use of smoking and SLT was significantly higher among cases (19.5% 
vs 6.2%). 
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 Regarding the status of cigarette smoking, the ever-smoking status was slightly 
higher among cases than control (21.3% vs 14.5%). However, the difference was not 
statistically significant. Type of cigarettes was categorised according to the use of filter 
and non-filter cigarettes. Among cigarette smokers, most cases (17.2%) and controls 
(11.8%) used filter cigarettes. Regarding age of onset, cases started smoking cigarettes 
at younger age than controls (11.8% vs 7.7%). Regarding the frequency of cigarette 
smoking per day, a higher percentage of cases compared to controls smoked 10 or more 
cigarettes per day (12.4% vs 6.5%). Concerning the duration of smoking cigarettes, 
14.2% (24) of cases smoked for 30 years or less and 7.1% (12) smoked over 30 years. 
For the controls, the proportions were 8% (27) and 6.5% (22) respectively. The lifetime 
cumulative exposer of cigarettes smoking did not vary considerably between cases and 
controls showed that 6.5% (11) of cases and 3.3% (11) of controls had over 20 cigarettes 
pack-year. 
 The incidence of ever bidi smoking was considerably greater among cases than 
controls: 12.4% vs 4.4%. The distribution of the age of onset of bidi smoking showed a 
higher percentage of cases compared to control started bidi smoking at 18 years old or 
younger: 5.9% vs 2.1%. The distribution of average intensity of bidi smoking was 
measured in bidi smoking per day, revealed that more cases than controls smoked over 
10 bidi per day and the association was statistically significant (see Table 43). About the 
total duration of bidi smoking, 5.9% (10) of cases smoked bidi more than 20 years and 
6.5% (11) smoked 20 years or less. The proportion was 1.8% (6) and 2.7% (9) for the 
controls, respectively. Lifetime cumulative exposer (pack-years) of bidi smoking was 
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higher among cases than controls; 5.3% cases had over 10 bidi pack-years and the 
corresponding percentage for controls was 1.8%. 
 Fewer number cases and controls have smoked both cigarettes and bidi; 5.3% (9) 
and 2.4% (8) respectively. Only seven participants ever smoked the water pipe or hukkah, 
among them 1.8% (3) were cases and 1.2% (4) controls. None of the study subjects 
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Table 43: Distribution of subjects according to smoking status 
 
Categories Control (%) Case (%) Total (%) P-value 
Overall Smoking     0.001ª 
Never 286 (84.6) 122 (72.2) 408 (80.5) 
Ever  52 (15.4) 47 (27.8) 99 (19.5)  
Dual use (SLT+smoking)    <0.001ª 
None or one 317 (93.8) 136 (80.5) 453 (89.3) 
Using both 21 (6.2) 33 (19.5) 54 (10.7) 
Cigarettes smoking status      
Never 289 (85.5) 133 (78.7) 422 (83.2) 0.06ª 
Ever 49 (14.5) 36 (21.3) 85 (16.8) 
Current 31 (9.2) 23 (13.6) 54 (10.7) 0.15ª 
Only in the past 18 (5.3) 13 (7.7) 31 (6.1) 
Type of Cig smoked    0.15 
Never  289 (85.5) 133 (78.7) 422 (83.2) 
Filter  40 (11.8) 29 (17.2) 69 (13.6) 
Non-Filter  9 (2.7) 7 (4.1) 16 (3.2) 
Cig initiation age     
Average** 23.29 (8.86) 22.81 (6.90) 23.08 (8.04) 0.79ᵇ 
Never users 289 (85.5) 133 (78.7) 422 (83.2) 0.15ª 
≤ 20 years old 26 (7.7) 20 (11.8) 46 (9.1) 
>20 years 23 (6.8) 16 (9.5) 39 (7.7) 
Cig per day     0.06ᵇ 
continued Average** 8.86 (5.19) 11.47 (7.49) 9.96 (6.36) 
Cig per day    0.06 
Never users 289 (85.5) 133 (78.7) 422 (83.2) 
< 10 per day 27 (8.0) 15 (8.9) 42 (8.3) 
≥ 10 per day 22 (6.5) 21 (12.4) 43 (8.5) 
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Categories Control (%) Case (%) Total (%) P-value 
Total years of cig smoking     
Average** 28.33 (12.23) 24.72 (12.94) 26.80 (12.59) 0.19ᵇ 
Never users  289 (85.5) 133 (78.7) 422 (83.2) 0.08ª 
≤30 years 27 (8.0) 24 (14.2) 51 (10.1) 
>30 years 22 (6.5) 12 (7.1) 34 (6.7) 
Cig Pack-years     
Average **  13.53 (10.03) 14.87 (12.29) 14.10 (10.99) 0.07ᵇ 
Never users  289 (85.5) 133 (78.7) 422 (83.2) 0.10ª 
0-20 pack-years 38(11.2) 25 (14.8) 63 (12.4) 
>20 pack-years 11(3.3) 11 (6.5) 22 (4.3) 
Bidi smoking status    0.001ª 
Never 323 (95.6) 148 (87.6) 471 (92.6) 
Ever 15 (4.4) 21 (12.4) 36 (7.1) 
Age of bidi onset     
Average age** 19.73 (6.71) 21.81 (7.88) 20.94 (7.39) 0.41ᵇ 
Never smoked 323 (95.6) 148 (87.6) 471 (92.9) 0.004ª 
≤18 years old 7 (2.1) 10 (5.9) 17 (3.4) 
> 18 years old 8 (2.4) 11 (6.5) 19 (3.7) 
Number of bidis per day     
Average bidi per day** 8.53 (4.20) 12.10 (7.70) 10.61 (6.64) 0.08ᵇ 
Number of bidis per day     
Never smoked 323 (95.6) 148 (87.6) 471 (92.9) 0.005ª 
1-5 bidi per day 4 (1.2) 3 (1.8) 7 (1.4) 
6-10 bidi per day 9 (2.7) 12 (7.1) 21 (4.1) 
>10 bidi per day 2 (0.5) 6 (3.6) 8 (1.6) 
Total years of bidi smoking     
Average years of use** 21.67 (14.42) 22.10 (13.40) 21.92 (13.63) 0.93ᵇ 
Never smoked 323 (95.6) 148 (87.6) 471 (92.9) 0.004ª 
≤20 years  9 (2.7) 11 (6.5) 20 (3.9) 
>20 years  6 (1.8) 10 (5.9) 16 (3.2) 
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Categories Control (%) Case (%) Total (%) P-value 
Bidi Pack-year     
Average 8.2 (6.45) 11.14 (11.23) 9.92 (9.54) 0.37ᵇ 
Never smoked 323 (95.6) 148 (87.6) 471 (92.9) 0.004ª 
≤10 pack-year 9 (2.7) 12 (7.1) 21 (4.1) 
>10 pack-year 6 (1.8) 9 (5.3) 15 (3.0) 
Dual use of Cig and bidi    0.08ª 
Never or one 330 (97.6) 160 (94.7) 490 (96.6) 
Dual use 8 (2.4) 9 (5.3) 17 (3.4) 
Waterpipe/Hukkah    0.65ª 
Never smoked 334 (98.8) 166 (98.2) 500 (98.6) 
Ever Smoked 4 (1.2) 3 (1.8) 7 (1.4) 
 
** Mean (Standard deviation) 
ª Chi-square/ fisher-exact test 
ᵇ t-test
274 | P a g e  
 
 
4.2.4.4 Distribution of subjects accordingly oral health indicators 
 
  The distribution of subjects according to oral health indicators is presented in 
Table 44. The proportion of individuals wearing a partial denture did not vary significantly 
between cases and controls. Only 12.4% (21) cases and 13% (44) controls wore partial 
dentures. Among cases using fingers was the most common method of cleaning teeth 
65.7% (111) and toothbrush 49.1% (166) among controls. However, 39.1% (132) of the 
controls also used fingers to clean their teeth. Regarding the substance used to clean 
teeth, 32.5% (55) cases did not use any cleaning substance and 43.2% (73) used 
toothpowder. The proportions for controls were 15.7% (53) and 37% (125) respectively. 
Concerning the gum bleeding and mouth ulcer status, the distribution of subjects did not 
differ markedly between cases and controls. However, controls were more watchful about 
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Table 44: Distribution of subjects according to oral health indicators 
 
Categories Control (%) Case (%) Total (%) P-value 
Partial Denture use    0.85ª 
No 294 (87.0) 148 (87.6) 442 (87.2) 
Yes 44 (13.0) 21 (12.4) 65 (12.8) 
Instrument use     <0.001ᵇ 
Toothbrush 166 (49.1) 39 (23.1) 205 (40.4) 
Fingers 132 (39.1) 111 (65.7) 243 (47.9) 
Sticks 40 (11.8) 19 (11.2) 59 (11.6) 
Frequency of cleaning     0.002ª 
Once a day or less 202 (59.8) 125 (74.0) 327 (64.5) 
Twice a day or more 136 (40.2) 44 (26.0) 180 (35.5) 
Substance used to clean     <0.001ᵇ 
Toothpaste  160 (47.3) 41 (24.3) 201 (39.6) 
Toothpowder  125 (37.0) 73 (43.2) 198 (39.1) 
  None or others  53 (15.7) 55 (32.5) 108 (21.3) 
Status of gum bleeding    0.62ª 
No 241 (71.3) 117 (69.2) 358 (70.6) 
Yes 97 (28.7) 52 (30.8) 149 (29.4) 
History of mouth ulcer     0.61ª 
No 327 (96.7) 162 (95.9) 489 (96.4) 
Yes  11 (3.3) 7 (4.1) 18 (3.6) 
Frequency of dental visit    0.009ª 
No 112 (33.1) 76 (45.0) 188 (37.1) 
Yes  226 (66.9) 93 (55.0) 319 (62.9) 
 
ª Chi-square test; ᵇ Fisher-exact test 
 




4.2.4.5 Distribution of other risk factors 
 
 Table 45 shows the distribution of subjects according to alcohol drinking and family 
history of cancer. Overall, very few study subjects ever drank alcohol, 3% (5) cases and 
0.90% (3) controls ever drank alcohol. Drinking socially was a major occasion. Regarding 
the types of alcoholic beverages, only two types of alcohol was consumed: local toddy 
and hard liquor. 
 Same as alcohol, very few study subjects had first-degree relatives with a cancer 
history. The history of cancer among relatives did not differ substantially between cases 
and controls. Only 2.7% (9) controls and 1.8% (3) cases reported having first-degree 
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Table 45: Distribution of subjects according to other risk factors 
 
Categories Control (%) Case (%) Total (%) 
Alcohol drinking habit    
Never 335 (99.1) 164 (97.0) 449 (98.4) 
Current 1 (0.30) 2 (1.2) 3 (0.6) 
Only in the past 2 (0.60) 3 (1.8) 5 (1) 
Time of drinking alcohol    
Between meals 0 2 (40.0) 2 (25) 
Only at social events 3 (100) 3 (60.0) 6 (75) 
Type of alcohol drink    
Local toddy 1 (33.3) 3 (60.0) 4 (50) 
Hard liquor 2 (66.7) 2 (40.0) 4 (50) 
Family history of cancer    
None 329 (97.3) 166 (98.2) 495 (97.6) 
Yes 9 (2.7) 3 (1.8) 12 (2.4) 
Type of cancer    
Neck cancer 0 1 (33.3) 1 (9.1) 
Liver cancer 2 (25.0) 1 (33.3) 3 (27.3) 
Lung cancer 0 1 (33.3) 1 (9.1) 
Leukaemia 1 (12.5) 0 1 (9.1) 
Breast cancer 1 (12.5) 0 1 (9.1) 
Ovarian cancer 1 (12.5) 0 1 (9.1) 
Oral cancer 1 (12.5) 0 1 (9.1) 
Oesophageal cancer 1 (12.5) 0 1 (9.1) 
Prostate cancer 1 (12.5) 0 1 (9.1) 
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4.2.5 Odds ratios for oral cancer according to study variables 
 
4.2.5.1 Odds ratios for socio-demographic variables 
 
 Table 46 shows the odds ratios for oral cancer association with socio-demographic 
variables (education and work status). 
 There was an elevated risk of oral cancer among subjects who did not have any 
formal education. The adjusted odds ratio was 1.98 (95%CI: 1.34-2.94) and significantly 
associated with oral cancer risk (p=0.001). However, the variable lost its significance 
when further adjusted for SLT use status, smoking status, and oral hygiene factors. 
Although elevated risk was observed for paid workers compared to unemployed or unpaid 
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Table 46: Odds ratio for oral cancer of demographic variables 
Categories Controls Cases Crude OR 
(95%CI) ª 
Adjusted OR 
(95% CI) ᵇ 
Fully adjusted 
OR (95% CI) ᶜ 
P- 
valueᵈ 
Education status       
Formal education 141  98  Reference Reference Reference 0.76 
No-formal education 197  71  1.93 (1.33-2.80) 1.98 (1.34-2.94) 1.07 (0.67 -1.74) 
Work status       
Unemployed or unpaid 188  88  Reference Reference Reference 0.38 
Paid work 150  81 1.15 (0.80-1.67) 1.36 (0.82-2.26) 1.31 (0.72-2.42) 
Abbreviations: CI, confidence interval; N, number; OR, odds ratio 
a Crude OR: OR and 95% CI were calculated using unconditional logistic regression 
ᵇ OR and 95% CI were calculated using unconditional logistic regression, adjusted for, age, gender (matching factors) 
ᶜ OR and 95% CI were calculated using unconditional logistic regression, adjusted for, age, gender, education status, employment status and SLT 
use status and smoking status, and oral health indicators 
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4.2.5.2 Tobacco smoking (among males) 
 
  The risk of oral cancer increased with tobacco smoking. Table 47 shows the 
odds ratios for oral cancer from different forms of smoking. The findings revealed that 
ever smokers were nearly three times more likely to have oral cancer compared to 
never smokers: [ORadj = 2.66 (95%CI: 1.41-5.02)] and remained significant after 
adjustment. 
  Regarding the type of smoking, ever smoking cigarettes was associated with 
nearly two-fold increased risk of oral cancer when the comparative group was never 
smokers. The association was significant in the crude model and the model adjusted 
for age. However, when the model was further adjusted for work, education status, 
SLT use status and BMI, it missed the significance, [ORadj = 1.69 (95%CI: 0.90-3.20), 
p=0.10]. Among the type of cigarettes, non-filter cigarettes smoking was associated 
with an increased risk of oral cancer, OR= 1.95 (95%CI: 0.69-5.56) and the association 
was statistically significant, p=0.04. However, after adjusting for other covariates, the 
association was not statistically significant p =0.09. No clear trend was observed for 
cigarette initiation age. Regarding the intensity of cigarette smoking, the average 
number of cigarettes smoked per day was dichotomised as, <10 per day and ≥10 per 
day. Smoking ten or more cigarettes per day was associated with two folds increased 
risk of oral cancer, OR=2.40 (95%CI: 1.20-4.78), however the association was not 
statistically significant. Also, the cumulative exposure to cigarette smoking (pack-year) 
was not statistically significant. 
  A significant risk of oral cancer was associated with ever bidi smoking, 
ORadj=2.46 (95%CI: 1.08-5.60). Smoking bidi at a younger age elevated the oral 
cancer risk, starting smoking bidi at the age of 18 or lower had a higher risk of 
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developing oral cancer compared to non-smokers and the adjusted ORadj=2.84 
(95%CI: 0.93-8.65). The liner trend was significant in the final adjusted model, p=0.03. 
However, when entered as a categorical variable into the final adjusted model, the 
likelihood ratio test lost the statistical significance (p=0.09). After the average number 
of bidis smoked per day was trichotomised as 1-5, 6-10 and 10+ bidi, increased smoking 
yielded higher risk of oral cancer. The test of linear trend was statistically significant in 
the final adjusted model, p=0.008. However, when the variable was entered as a 
categorical variable, the association just missed its statistical significance p=0.07. 
Regarding the lifetime exposure, the liner trend for bidi smoking pack-years was 
significant in crude model and matching factors (age and gender) adjusted model. 
However, lost its significance in fully adjusted model. 
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Table 47: Odds Ratio with 95% confidence interval for oral cancer associated with smoking 
 
Categories Control Case Crude OR (95% 
CI) ª 
Adjusted OR 
(95% CI) ᵇ 
Fully adjusted 
OR (95%CI) ᶜ 
P-value ᵈ 
Overall smoking       0.002 
Never 110  34 Reference Reference Reference 
Ever users 52  47  2.92 (1.69-5.07) 2.91 (1.67-5.06) 2.66 (1.41-5.02) 
Cig smoking status       0.10 
Never 113 45 Reference Reference Reference 
Ever 49 36 1.84 (1.06-3.20) 1.84 (1.06-3.20) 1.69 (0.90-3.20) 
Type of Cig smoked      0.22 
Never  113 45  Reference Reference Reference 
Filter  40  29  1.82 (1.01-3.28) 1.83 (1.02-3.31) 1.82 (0.93-3.59) 
Non-Filter  9  7 1.95 (0.69-5.56) 1.86 (0.65-5.37) 1.19 (0.32-4.35) 
Cig initiation age      0.83 
Never users 113 45 Reference Reference Reference 
≤ 20 years old 26  20  1.93 (0.98-3.80) 1.94 (0.98-3.82) 1.96 (0.90-4.25) 
>20 years 23  16  1.75 (0.85-3.61) 1.73 (0.83-3.57) 1.41 (0.59-3.33) 
P-for trendͤ   0.06 0.06 0.27 
Cig per day       0.25 
Never users 113 45  Reference Reference Reference 
< 10 per day 27  15  1.39 (0.68-2.86) 1.39 (0.68-2.86) 1.53 (0.66-3.55) 
≥ 10 per day 22  21  2.40 (1.20-4.78) 2.38 (1.19-4.76) 1.85 (0.84-4.06) 
P-for trend ͤ   0.07 0.07 0.43 continued 
Cig Pack-years      0.24 
Never users  113 45 Reference Reference Reference 
0-20 pack-years 38 25 1.65 (0.90-3.04) 1.66 (0.90-3.05) 1.58 (0.78-3.21) 
>20 pack-years 11 11   2.51 (1.02-6.20) 2.47 (1.00-6.11) 2.02 (0.73-5.61) 
P-for trend   0.05 0.06 0.22 
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Categories Control Case Crude OR (95% 
CI) ª 
Adjusted OR 
(95% CI) ᵇ 
Fully adjusted 
OR (95%CI) ᶜ 
P-valueᵈ 
Bidi smoking status      0.03 
Never 147 60 Reference Reference Reference 
Ever 15  21  3.43 (1.66-7.10) 3.46 (1.64-7.29) 2.46 (1.08-5.60) 
Age of bidi onset      0.09 
Never smoked 147 60 Reference Reference Reference 
≤18 years old 7  10  3.50 (1.27-9.62) 3.53 (1.26-9.89) 2.84 (0.93-8.65) 
> 18 years old 8  11 3.37 (1.29-8.79) 3.39 (1.29-8.95) 2.16 (0.74-6.30) 
P-for trend   0.001 0.001 0.03 
Number of bidis per day      0.07 
Never smoked 147 60 Reference Reference Reference 
1-5 bidi per day 4 3 1.84 (0.40-8.46) 1.85 (0.40-8.56) 1.23 (0.23-6.61) 
6-10 bidi per day 9 12 3.27 (1.31-8.16) 3.30 (1.30-8.39) 1.99 (0.71-5.59) 
>10 bidi per day 2 6 7.35 (1.44-37.45) 7.41 (1.44-38.01) 8.50 (1.43-50.39) 
P-for trend   0.001 0.001 0.008 
Bidi Pack-year      0.10 
Never smoked 147 60 Reference Reference Reference 
≤10 pack-year 9 12  3.27 (1.31-8.56) 3.29 (1.30-8.33) 2.57 (0.93-7.09) 
>10 pack-year 6 9 3.67 (1.25-10.78) 3.71 (1.24-11.03) 2.31 (0.70-7.58) 
P-for trend   0.008 0.009 0.08 
Abbreviations: CI, confidence interval; N, number; OR, odds ratio.; SLT, Smokeless tobacco, Cig, Cigarettes 
a Crude OR: OR and 95% CI were calculated using unconditional logistic regression 
b OR and 95% CI were calculated using unconditional logistic regression, adjusted for age (cat) 
c OR and 95% CI were calculated using unconditional logistic regression, adjusted for, age (cat), education status (formal education/no-formal education), 
employment status (Cat), SLT use status (never/ever) and BMI (Continuous variable) 
d P-values for fully adjusted model 
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4.2.5.3 Oral health indicators 
 
 
  Table 48 shows the association between oral health indicators and the risk of 
oral cancer. No association was observed between the status of the partial dentures 
and the risk of oral cancer. There were only two patients with the complete denture, 
therefore, had to drop from the analysis. Oral hygiene habits such as the instrument 
used to clean teeth, the frequency of teeth cleaning was associated with significant 
risk after adjusting for other measures. Patients who used fingers to clean their teeth 
were nearly two times more likely to develop oral cancer compared to who uses the 
toothbrush, ORadj = 1.95 (95%CI: 1.15-3.29). Cleaning teeth twice or more in a day 
proved to be protective against oral cancer, the odds ratio for patients who cleaned 
their teeth twice or more per day was ORadj= 0.32 (95%CI: 0.20-0.51) when the 
relative group cleaned teeth once or less per day. Subjects who did not use any 
substances- or used other substances rather than toothpaste or toothpowder- were 
four times more likely to develop oral cancer, OR = 4.05 (95%CI: 2.43-6.74). 
However, after adjustment for other measures, the risk reduced by nearly half and 
just missed the statistical significance (p=0.05). The status of gum bleeding and 
history of mouth ulcer showed no association. However, visiting dentists regularly 
reduced the risk of oral cancer significantly (p<0.01). Though after adjustment the 
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  The effect of oral health risk factors dependent upon SLT use status was 
assessed in Table 49. The analysis showed poor oral hygiene practice was a significant 
risk factors for oral cancer only among ever SLT users: the instrument used for 
cleaning teeth and frequency of cleaning teeth per day had significantly increased oral 
cancer risk. The odds ratio for ever chewers who used fingers to clean their teeth was, 
ORadj = 2.29 (95%CI: 1.18-4.43) and ORadj = 1.69 (95%CI: 0.69-4.12) for those 
used sticks when the relative group was toothbrush users. Increased frequency of 
cleaning teeth per day reduced the risk of oral cancer among ever chewers. Ever 
chewers who cleaned their teeth twice or more per day were, ORadj= 0.22 (95%CI: 
0.13-0.38) times less likely to have oral cancer compared to those clean their teeth 
once or less per day. Though there was an increasing trend of risk associated with 
substance use among ever chewers, but it was not statistically significant. Among 
never chewers regular visits to the dentist was only significant variable. The odds ratio 
for never chewers who regularly visited was, ORadj = 0.43 (95%CI: 0.19-0.97) when 
the relative group was who never visited the dentist. 
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Table 48: Odds ratio with 95% confidence interval for oral health indicators and oral cancer risk 
 
Categories Control Case 
Crude OR (95% 
CI) ª 
Adjusted OR (95% 
CI) ᵇ 
Fully adjusted OR 
(95% CI) ᶜ 
P-valueᵈ 
Partial Denture use      0.78 
No 294  148  Reference Reference Reference 
Yes 44  21  0.94 (0.54-1.65) 0.93 (0.53-1.62) 0.92 (0.49-1.70) 
Instrument use for cleaning 
teeth 
      
  Toothbrush 166  39  Reference Reference Reference 0.03 
Fingers 132  111  3.58 (2.32-5.50) 3.93 (2.49-6.20) 1.95 (1.15-3.29) 
Sticks 40  19  2.02 (1.06-3.86) 2.10 (1.12 -4.18) 1.23 (0.59-2.55) 
Frequency of cleaning teeth       <0.001 
Once a day or less 202  125  Reference Reference Reference 
Twice a day or more 136  44  0.52 (0.34-0.78) 0.51 (0.34-0.77) 0.32 (0.20-0.51) 
Substance used to clean 
teeth 
      
Toothpaste  160  41  Reference Reference Reference 0.05 
Toothpowder  125  73 2.28 (1.45-3.57) 2.43 (1.52-3.87) 1.47 (0.87-2.48) 
None or others  53  55  4.05 (2.43-6.74) 4.37 (2.56-7.43) 2.10 (1.15-3.86) 
Status of gum bleeding      0.07 
No 241  117  Reference Reference Reference 
Yes 97  52  1.10 (0.73-1.65) 1.11 (0.74-1.66) 1.09 (0.69-1.73) 
History of mouth ulcer       0.83 
No 327  162  Reference Reference Reference 
Yes  11  7  1.28 (0.49-3.37) 1.26 (0.48-3.31) 0.89 (0.31-2.54) 
Frequency of dental visit      0.06 
continued No 112  76  Reference Reference Reference 
Yes  226  93  0.60 (0.41-0.88) 0.61 (0.42-0.89) 0.66 (0.43-1.01) 
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Abbreviations: CI, confidence interval; N, number; OR, odds ratio 
a Crude OR: OR and 95% CI were calculated using unconditional logistic regression 
b OR and 95% CI were calculated using unconditional logistic regression, adjusted for, age (cat), gender (cat) 
ᶜ OR and 95% CI were calculated using unconditional logistic regression, adjusted for, age (cat), gender (cat), education status (cat), employment status (cat), 
SLT use status (cat) and smoking status (cat) 


















































Ever SLT users Never SLT user 
Cont. (%) Case (%) Adjusted OR 
(95%CI) a 
Cont. (%) Case (%) Adjusted OR 
(95%CI) a 
Partial Denture use       
No 105 (84.0) 123 (88.5) Reference 189 (88.7) 25 (83.3) Reference 
Yes 20 (16.0) 16 (11.5) 0.77 (0.37-1.60) 24 (11.3) 5 (16.7) 1.33 (0.43-4.13) 
P-valueᵇ   0.49   0.62 
Instr. use for cleaning        
Toothbrush 33 (26.4) 23 (16.5) Reference 133 (62.4) 16 (53.3) Reference 
Fingers 75 (60.0) 99 (71.2) 2.29 (1.18-4.43) 57 (26.8) 12 (40.0) 1.68 (0.65-4.29) 
Sticks 17 (13.6) 17 (12.2) 1.69 (0.69-4.12) 23 (10.8) 2 (6.7) 0.53 (0.10-2.69) 
P -valueᵇ   0.04   0.33 
Freq. of cleaning        
Once a day or less 48 (38.4) 102(73.4) Reference 154 (72.3) 23 (76.7) Reference 
Twice a day or more 77 (61.6) 37 (26.6) 0.22 (0.13-0.38) 59 (27.7) 7 (23.3) 0.74 (0.29-1.92) 
P -valueᵇ   <0.001   0.54 
Subs. used to clean        
Toothpaste  38 (30.4) 27 (19.4) Reference 122 (57.3) 14 (46.7) Reference 
Toothpowder  55 (44.0) 64 (46.0) 1.81 (0.94-3.49) 70 (32.9) 9 (30.0) 0.93 (0.35-2.46) 
None or others  32 (25.6) 48 (34.5) 2.37 (1.13-4.93) 21 (9.9) 7 (23.3) 2.99 (0.90-9.89) 
P -valueᵇ 
 








Ever SLT users Never SLT user 
Cont. (%) Case (%) Fully adjusted 
OR 
(95%CI) ª 
Cont. (%) Case (%) Fully adjusted OR 
(95%CI) ª 
Status of gum bleeding       
No 88 (70.4) 100 (71.9) Reference 153 (71.8) 17 (56.7) Reference 
Yes 37 (29.6) 39 (28.1) 0.89 (0.51-1.54) 60 (28.2) 13 (43.3) 1.54 (0.67-3.53) 
P-valueᵇ   0.67   0.30 
History of mouth ulcer        
No 118 (94.4) 133 (95.7) Reference 209 (98.1) 29 (96.7) Reference 
Yes  7 (5.6) 6 (4.3) 0.78 (0.25-2.45) 4 (1.9) 1 (3.3) 1.06 (0.09-12.52) 
P-valueᵇ   0.68   0.96 
Freq. of dental visit       
No 45 (36.0) 60 (43.2) Reference 67 (31.5) 16 (53.3) Reference 
Yes  80 (64.0) 79 (56.8) 0.80 (0.48-1.33) 146 (68.5) 14 (46.7) 0.43 (0.19-0.97) 
P-valueᵇ   0.38   0.04 
Abbreviations: CI, confidence interval; N, number; OR, odds ratio.; SLT, Smokeless Tobacco 
a OR and 95% CI were calculated using unconditional logistic regression, adjusted for, age, gender, education status, employment 
status and smoking status 
ᵇ p-value for fully adjusted model 
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4.2.5.4 Body Mass Index and Oral cancer 
 
 Table 50 shows the association between BMI at diagnosis and oral cancer. 
Present case-control study findings showed that leanness is associated with increased 
risk of oral cancer after adjustment for other covariates. Compared to normal weight 
(18.50 -24.99kg/m²), under-weight (<18.5 kg/m²), increased oral cancer risk by 
seven folds, ORadj = 7.07 (95%CI: 3.85-13.01). The linear trend for the association 
was significant and did not lost its significance after adjustment for other measures 
(p<0.001). After examining across SLT use status the association remained significant 
for both ever and never SLT users and the linear trend was significant. Although 
imprecise, inverse association for subjects with BMI≥25kg/m² was present only in SLT 
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Table 50: Odds ratio with 95% Confidence interval for oral cancer of Body Mass Index 
Categories Controls Cases Crude OR 
(95%CI) ª 
Adjusted OR 
(95% CI) ᵇ 
Fully adjusted 




      
Normal-weight 18.50 -
24.99 
259 84 Reference Reference Reference <0.001 
Under-weight <18.50 22 62 8.69 (5.04-14.99) 8.67 (5.02-14.97) 7.07 (3.85-13.01) 
Over-weight ≥ 25 57 23 1.24 (0.72-2.14) 1.24 (0.72-2.14) 1.11 (0.60-2.03) 
P-for trendᵈ   <0.001 <0.001 <0.001 
Abbreviations: CI, confidence interval; N, number; OR, odds ratio 
a Crude OR: OR and 95% CI were calculated using unconditional logistic regression. 
ᵇ OR and 95% CI were calculated using unconditional logistic regression, adjusted for age, gender (matching factors) 
ᶜ OR and 95% CI were calculated using unconditional logistic regression, adjusted for, age, gender, education status, employment status and SLT use status and smoking status 
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Table 51: Odds ratio with 95% Confidence Interval for oral cancer of body mass index in ever and never smokeless tobacco users 
Characteristics Ever SLT users Never SLT users 
Cont. (%) Case 
(%) 
Fully adjusted OR 
(95%CI) ᵇ 









68 (48.9) Reference 168 (78.9) 16 (53.3) Reference 
Under-weight <18.50 10 (8.0) 52 (37.4) 6.81 (3.19-14.56) 12 (5.6) 10 (33.3) 8.37 (2.71-25.80) 
Over-weight ≥ 25 24 (19.2) 19 (13.7) 0.95 (0.47-1.93) 33 (15.5) 4 (13.4) 1.64 (0.48-5.60) 
P-for trendᶜ   <0.001   0.001 
Abbreviations: CI, confidence interval; N, number; OR, odds ratio 
a Crude OR: OR and 95% CI were calculated using unconditional logistic regression 
ᵇ OR and 95% CI were calculated using unconditional logistic regression, adjusted for, age, gender (matching factors), education status, employment status, smoking status 
ᶜ p-for the linear trend was derived from including the variable as a continuous variable in the regression model 
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4.2.6 Association between smokeless tobacco use and oral 
cancer risk 
 
4.2.6.1 Distribution of subjects according to smokeless tobacco use status 
 
 Frequency distribution of SLT use habits is presented in Table 52. The overall 
chewing habit was substantially higher among cases than controls (82.2% vs 37.0%). 
The chewing habits with SLT was much higher among cases compare to control, 
80.1% vs 32.8%. SLT use was more prevalent among female compared to male cases, 
where 87.2% (68) female compared to 72.6% (53) male cases were ever SLT users.  
 Regarding the type of SLT use, BQ with Zarda was the most popular form of 
SLT, 39.6% (201) among all study subjects. However, BQ with Sadapata was 
predominantly used by the female cases (see Table 53). 
 About the age of onset, cases started using SLT earlier than the controls, the 
mean age of SLT initiation among cases was 22.78±7.57 vs 23.35±9.5 among 
controls. When stratified across different age groups, majority cases and controls 
49.0% vs 18.3% started using SLT at the age of 20 or below. A similar trend was 
observed across different genders (see Table 53). However, a higher percentage of 
women cases started using SLT at a younger age compared to men (59.0% vs 38.4%). 
 About frequency of SLT use, on average cases had consumed SLT more 
frequently than controls (8.78±4.79 vs 6.33±5.09). The highest frequency was 
observed among female cases 9.32±5.19 (see Table 53). Further, frequency of SLT 
dichotomised into two groups, a substantial difference was observed among cases and 
controls, showed that 57.0% of cases than controls 12.3% used SLT more than five 
times a day. 
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 Regarding the duration of holding SLT in the mouth, a substantial difference 
was observed between cases and controls. The analysis showed that 26.5% cases 
compared to 5.4% controls held the SLT in their mouth for more than 10 minutes. On 
average, cases held the SLT in their mouth longer than controls (13.98±13.67 vs 
10.30±8.07) and the association was statistically significant (see Table 53). 
 Regarding the duration of SLT use, the average years of SLT use was almost 
similar among cases and controls (30.35±13.08 vs 31.34±14.84). Additionally, when 
total years of use was trichotomized, 39.7% of cases and 17.7% of controls used SLT 
for more than 30 years. Among genders, 43.6% of women cases and 35.6% of men 
cases used SLT for more than 30 years (see Table 53). The intensity of SLT use was 
measured using lifetime cumulative exposure to SLT, in chew-years. The analysis 
showed a high proportion of cases compared to controls were in more than 40-chew-
years category (19.3% vs 3.5%). The highest average chew-years were reported 
among female cases, 30.53±22.87. More than 24% of female cases corresponding to 
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Table 52: Distribution of subjects according to smokeless tobacco use indicators 
Categories Cases (%) Controls (%) Total (%) P-value 
Chewing habitsᵈ     
Never 30 (17.8) 213 (63.0) 243 (47.9) <0.001ª 
Ever chewers 139 (82.2) 125 (37.0) 264 (52.1) 
Current chewers 115 (68.0) 89 (26.3) 204 (40.2) <0.001ª 
Past chewers 24 (14.2) 36 (10.7) 60 (11.8) 
Chewing habits with SLT ᵉ     
Never 30 (19.9) 213 (67.2) 243 (51.9) <0.001ª 
Ever chewres 121 (80.1) 104 (32.8) 225 (48.1) 
Chewing habit without SLT ᶠ     
Never  30 (62.5) 213 (91.0) 243 (86.2) <0.001ª 
Ever chewers 18 (37.5) 21 (9.0) 39 (13.8) 
Type of chewing products    <0.001ª 
None 30 (17.8) 213 (63.0) 243 (47.9) 
BQ with Zarda 105 (62.1) 96 (28.4) 201 (39.6) 
BQ without Zarda 18 (10.7) 21 (6.2) 39 (7.7) 
BQ with sadapata  11 (6.5) 3 (0.9) 14 (2.8) 
Gul/Panmasala 5 (3.0) 5 (1.5) 10 (2.0) 
Age at SLT initiation     
Mean ageᶜ 22.78±7.57 23.35±9.5 23.04±8.51 0.61ᵇ 
Never users  30 (19.9) 213 (67.2) 243 (51.9) <0.001ª 
≤20 years old  74 (49.0) 58 (18.3) 132 (28.2) 
21-30 years old 31 (20.5) 30 (9.5) 61 (13.0) 
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Categories Cases (%) Controls (%) 
 
Total (%) P-value 
SLT use frequency     
Average per dayᶜ 8.78±4.79 6.33±5.09 7.65±5.07 <0.001ᵇ 
Never users  30 (19.9) 213 (67.2) 243 (51.9) <0.001ª 
 
 
1-5 per day 35 (23.2) 65 (20.5) 100 (21.4) 
>5 per day 86 (57.0) 39(12.3) 125 (26.7) 
SLT holding duration     
Avg minutes of holdingᶜ 13.98±13.67 10.30±8.07 12.27±11.54 0.01ᵇ 
Never users  30 (19.9) 213 (67.2) 243 (51.9) <0.001ª 
≤10 minutes 81 (53.6) 87 (27.4) 168 (35.9) 
>10 minutes 40 (26.5) 17 (5.4) 57 (12.2) 
Total Years of SLT use     
Avg. years of useᶜ 30.35±13.08 31.34±14.84 30.81±13.90 0.59ᵇ 
Never users 30 (19.9) 213 (67.2) 243 (51.9) <0.001ª 
≤30 years 61 (40.4) 48 (15.1) 109 (23.3) 
>30 years 60 (39.7) 56 (17.7) 116 (24.8) 
Lifetime exposure to SLT     
Average Chew-yearsᶜ 28.11±21.89 20.92±22.67 24.79±22.49 0.02ᵇ 
Never user 30 (20.0) 213 (67.2) 243 (52.0) <0.001ª 
≤20 chew-years 54 (36.0) 65 (20.5) 119 (25.5) 
21-40 chew-years 37 (24.7) 28 (8.8) 65 (13.9) 
>40 chew-years 29 (19.3) 11 (3.5) 40 (8.6) 
Abbreviations: BQ (Betel Quid).; SLT, Smokeless Tobacco. 
ª p-value derived from chi-square test/Fisher-exact test 
ᵇ p-value derived from t-test. 
ᶜ Mean with Standard Deviation 
ᵈ Chewing habits- Overall chewing habits both with and without SLT 
ᵉ Chewing habit with tobacco- such as BQ with Zarda or sadapata, Gul, Panmasala containing tobacco, arecanut with tobacco, sadapata alone. 
ᶠChewing habit without tobacco- such as BQ without tobacco, areca nut alone, panmasala without tobacco. 
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Male  Female  
Control (%) Case (%) P-value Control (%) Case (%) P-value 
Chewing habitsᵈ       
Never 103 (63.6) 20 (24.7) 
<0.001ª 
110 (62.5) 10 (11.4) <0.001ª 
Ever chewers 59 (36.4) 61 (75.3) 66 (37.5) 78 (88.6) 
Current chewers 45 (27.8) 48 (59.3) 
<0.001ª 
44 (25.0) 67 (76.1) <0.001ª 
Past chewres 14 (8.6) 13 (16.0) 22 (12.5) 11 (12.5) 
Chewing habit with SLTᵉ       
Never 103 (67.3) 20 (27.4) 
<0.001ª 
110 (67.1) 10 (12.8) <0.001ª 
Ever chewers 50 (32.7) 53 (72.6) 54 (32.9) 68 (87.2) 




   
Never  103 (92.0) 20 (71.4) 
<0.007ª 
110 (90.2) 10 (50.0)  
Ever chewers 9 (8.0) 8 (28.6) 12 (9.8) 10 (50.0) 






None 103 (63.6) 20 (24.7) 110 (62.5) 10 (11.4) <0.001ª 
BQ with Zarda 46 (28.4) 48 (59.3) 50 (28.4) 57 (64.8) 
BQ without Zarda 9 (5.6) 8 (9.9) 12 (6.8) 10 (11.4) 
BQ with sadapata  2 (1.2) 3 (3.7)  1 (0.6) 8 (9.0) 
Gul/Panmasala 2 (1.2) 2 (2.5) 3 (1.7) 3 (3.4) 
Age at SLT initiation       
Mean age ᶜ 24.36±10.49 24.30±8.56 0.98ᵇ 22.43±8.50 21.59±6.52 0.54ᵇ 
Never users  103 (67.3) 20 (27.4) 
<0.001ª 
110 (67.1) 10 (12.8) <0.001ª 
 ≤20 years old  26 (17.0) 28 (38.4) 32 (19.5) 46 (59.0) 




Male  Female  
Control (%) Case (%) p-value Control (%) Case (%) p-value 
21-30 years old 17 (11.1) 16 (21.9) 
 
13 (7.9) 15 (19.2)  
>30 years old 7 (4.6) 9 (12.3) 9 (5.5) 7 (9.0)    
Freq of SLT use       
Average per dayᶜ 6.60±4.62 8.08±4.17 0.09ᵇ 6.09±5.50 9.32±5.19 0.001ᵇ 
Never users  103 (67.3) 20 (24.7) 
<0.001ª 
110 (67.1) 10 (12.8) 
<0.001ª 1-5 per day 29 (19.0) 19 (26.0) 36 (22.0) 16 (20.5) 
>5 per day 21 (13.7) 34 (46.6) 18 (11.0) 52 (66.7) 
SLT holding duration       
Avg min of holdingᶜ 10.12±7.20 14.17±17.73 0.14ᵇ 10.46±8.86 13.82±9.50 0.04ᵇ 
Never users  103 (67.3) 20 (24.7) 
<0.001ª 
110 (67.1) 10 (12.8) 0.001ª 
≤10 minutes 43 (28.1) 37 (50.7) 44 (26.8) 44 (56.4)  
>10 minutes 7 (4.6) 16 (21.9) 10 (6.1) 24 (30.8)  
Total Yrs. of SLT use       
Avg years of useᶜ 31.46±15.41 29.75±13.45 0.55ᵇ 31.24±14.37 30.82±12.78 0.41ᵇ 
Never users 103 (67.3) 20 (24.7) 
<0.001ª 
110 (67.1) 10 (12.8) <0.001ª 
  ≤30 years 26 (17.0) 27 (37.0) 22 (13.4) 34 (43.6)  
>30 years 24 (15.7) 26 (35.6) 32 (19.5) 34 (43.6)  
Lifetime exposure to SLT       
Average Chew-yearsᶜ 21.62±23.38 25.01±20.36 0.43ᵇ 20.26±22.19 30.53±22.87 0.01ᵇ 
Never user 103 (67.3) 20 (24.7) 
<0.001ª 
110 (67.1) 10 (13.0) 
<0.001ª 
≤20 chew-years 30 (19.6) 28 (38.4) 35 (21.3) 26 (33.8) 
21-40 chew-years 15 (9.8) 15 (20.5) 13 (7.9) 22 (28.6) 
>40 chew-years 5 (3.3) 10 (13.7) 6 (3.7) 19 (24.7) 
Abbreviations: BQ (Betel Quid).; SLT, Smokeless Tobacco. 
ª p-value derived from chi-square test/Fisher-exact test 
ᵇ p-value derived from t-test. 
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ᶜ Mean with Standard Deviation 
ᵈ Chewing habits- Overall chewing habits both with and without SLT 
ᵉ Chewing habit with tobacco- such as BQ with Zarda or sadapata, Gul, Panmasala containing tobacco, arecanut with tobacco, 
sadapata alone. 
ᶠChewing habit without tobacco- such as BQ without tobacco, areca nut alone, panmasala without tobacco.  
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4.2.6.2 Odds ratios for oral cancer of smokeless tobacco use (Both gender) 
 
 
    
 
Table 54 illustrates the odds ratios (ORs) for oral cancer associated with SLT use. The 
odds ratios were obtained from unconditional logistic regression model where initially 
SLT was the only independent variable and later adjusted for matching factors (age 
and gender) and was further adjusted for education status (no-formal education and 
formal education), employment status (paid work and unpaid work), BMI (continious) 
and smoking status (never and ever). 
 The analysis showed that SLT was associated with a highly elevated risk of oral 
cancer. The present study found a strong association between ever SLT use and oral 
cancer and the association remained significant even after adjusting for other 
measures [ORadj: 8.78 (95%CI: 5.14-15.0) (p-value: <0.001)]. The chewing habit 
without SLT also increased the oral cancer risk but the risk was lower than SLT use, 
[ORadj: 4.97 (95%CI: 1.98-12.47) (p-value: <0.001)]. 
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Figure 18: Relationship between frequency of smokeless tobacco use per day and 
the risk of oral cancer 
  Both BQ with tobacco and without tobacco increased the oral cancer risk. BQ 
with Zarda or Sadapata possessed the greatest risk [ORadj: 8.93 (95%CI: 5.23-
15.27)] (p-value: <0.001). BQ without tobacco also increased the risk by more than 
four-fold. Using multiple SLT products simultaneously was associated with a six-fold 
increased risk of oral cancer when the relative group was non-users [ORadj: 6.47 























Frequqency of SLT use per day
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Figure 19: Association between total years of smokeless tobacco use and risk of oral 
cancer  
  
 Though, the linear trend was not statistically significant, when looked across 
categories, initiating SLT in younger age was associated with higher oral cancer risk. 
Present study findings showed that participants who started SLT at the age of 20 years 
old or younger were nine times more likely to develop oral cancer when relative group 
was never user, ORadj: 9.84 (95%CI: 5.47-17.72) 
 Use of SLT shows a clear and strong dose-response relationship for several 
measures: frequency of SLT used per day, the duration of each chewing, and lifetime 
exposure to SLT use. Consuming SLT one to five times a day increased the oral cancer 
risk by nearly four-fold, when relative group was non-users and the risk increased to 
over 16-fold for consuming over five times a day [ORadj: 16.70 (95%CI: 9.08-30.72)] 
(p-value: <0.001) (see Figure 18). The linear trend was reamined statistically 
significant after adjusting for other covariates. Keeping SLT longer in mouth increased 
the oral cancer risk substantialy. Adjusted odds ratio for oral cancer was ORadj=15.18 























Total years of SLT use
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 Though the liner trend was not statistically significant, the adjusted odds ratio 
for oral cancer and total years of SLT use whether referred to 1-30 years or more than 
30 years exceeded eight folds and remained statistically significant after adjustment 
for possible confounders (see Figure 19). Lifetime cumulative exposure to SLT was 
associated with oral cancer risk and shown strong dose-response relationship. The 
adjusted odds ratio for 20 chew-years or less was six folds and rising progressively to 




Figure 20: Association between total minutes of smokeless tobacco holding in the 





















Total minutes of holding SLT in the mouth




Table 54: Odds ratios with 95% confidence interval for oral cancer from smokeless tobacco use among both gender 
 
Categories Cases Control Crude OR (95% 
CI) ª 
Adjusted OR 
(95% CI) ᵇ 
Fully adjusted OR 
(95% CI) ᶜ 
P- 
valueᵈ 
Chewing habits       
Never 30  213  Reference Reference Reference <0.001 
Ever users 139  125  7.90 (5.02-12.40) 8.28 (5.22-13.14) 7.86 (4.70-13.14) 
Current users 115  89  9.17 (5.72-14.70) 9.37 (5.82-15.08) 8.59 (5.07-14.55) 
<0.001 
Past users 24  36  4.73 (2.49-9.00) 5.01 (2.57-9.77) 5.30 (2.53-11.11) 
Chewing habits with SLTᶠ       
Never 30 213 Reference Reference Reference 
<0.001 
Ever chewing 121 104 8.26 (5.20-13.13) 8.61 (5.36-13.83) 8.78 (5.14-15.0) 
Chewing habits without 
SLT 
      
Never 30 213 Reference Reference Reference 0.001 
Ever chewing 18 21 6.09 (2.91-12.7) 6.38 (2.99-13.61) 4.97 (1.98-12.47) 
Type of chewing products       
None 30  213  Reference Reference Reference <0.001 
BQ with Zarda/sadapata 116 99  8.32 (5.22-13.28) 8.74 (5.42-14.07) 8.93 (5.23-15.27) 
BQ without tobacco 18  21 6.09 (2.91-12.71)  6.38 (3.04-13.42) 4.43 (1.94-10.10) 
Gul/Panmasala  5  5  7.10 (1.94-25.98) 7.38 (2.01-27.13) 6.39 (1.39-29.35) 
Multiple SLT use        
No 157  334  Reference Reference Reference 0.002 
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Categories Cases Controls Crude OR (95% 
CI) ª
Adjusted OR 
(95% CI) ᵇ 
Fully adjusted OR 
(95% CI) ᶜ 
P- 
valueᵈ 
Age at SLT initiationᶠ 
Never users 30 213 Reference Reference Reference <0.001 
≤20 years old 74 58 9.06 (5.42-15.15) 9.59 (5.66-16.25) 9.84 (5.47-17.72) 
21-30 years old 31 30 7.34 (3.90-13.79) 7.63 (4.02-14.48) 6.98 (3.48-13.98) 
>30 years old 16 16 7.10 (3.22-15.67) 7.19 (3.25-15.88) 7.31 (3.04-17.55) 
P-for trend 0.61 0.67 0.48 
Freq of SLT per dayᶠ <0.001 
Never users 30 213 Reference Reference Reference 
1-5 per day 35 65 3.82 (2.81-6.70) 3.99 (2.26-7.05) 3.96 (2.13-7.37) 
> 5 per day 86 39 15.66 (9.14-26.81) 16.68 (9.60-28.97) 16.70 (9.08-30.72) 
P-for trend <0.001 0.001 0.001 
Duration of holding SLTᶠ 
Never users 30 213 Reference Reference Reference <0.001 
≤10 minutes 81 87 6.61 (4.07-10.76) 6.92 (4.22-11.37) 7.21 (4.18-12.45) 
>10 minutes 40 17 16.71 (8.43-33.11) 18.24 (9.04-36.82) 15.18 (7.05-32.68) 
P-for trend 0.02 0.01 0.04 
Total Years of SLT useᶠ 
Never users 30 213 Reference Reference Reference <0.001 
1-30 years 61 48 9.02 (5.27-15.45) 8.91 (5.19-15.28) 8.81 (4.87-15.94) 
>30 years 60 56 7.61 (4.49-12.90) 8.25 (4.62-14.74) 8.12 (4.29-15.38) 
P-for trend 0.59 0.61 0.73 
Lifetime exposure to SLTᶠ <0.001 
Never user 30 213 Reference Reference Reference 
≤20 chew-years 54 65 5.90 (3.49-9.98) 6.08 (3.58-10.32) 6.01 (3.36-10.76) 
21-40 chew-years 37 28 9.38 (5.04-17.48) 10.70 (5.61-20.42) 10.58 (5.18-21.58) 
>40 chew-years 29 11 18.72 (8.48-41.34) 23.53 (10.18-54.39) 26.84 (10.81-66.62) 
P-for trend 0.02 0.004 0.006 
Abbreviations: CI, confidence interval; N, number; OR, odds ratio.; SLT, Smokeless Tobacco; BQ, Betel Quid 
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ª Crude OR: OR and 95% CI were calculated using unconditional logistic regression 
ᵇ OR and 95% CI were calculated using unconditional logistic regression, adjusted for matching factors gender and age 
ᶜ OR and 95% CI were calculated using unconditional logistic regression, adjusted for matching factors ª, education status (cat), 
employment status (cat), Smoking status (cat), BMI (cat) 
ᵈ p-values for fully adjusted model 
ᵉ p-values for the linear trend was derived from including the variable as a continuous variable in the unconditional regression model. 
ᶠAnalysis excluding chewing products without tobacco
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4.2.6.3 Odds ratios for oral cancer of smokeless tobacco use among men 
 
  
 Table 55 shows the odds ratios for oral cancer from SLT use among male 
participants. Odds ratios were obtained from the unconditional logistic regression 
model. Three ORs were presented. First, crude or unadjusted ORs (only target 
independent variable), second ORs adjusted for matching factor age and further 
adjusted for education status (no-formal education and formal education), 
employment status (paid work and unpaid work), BMI (continuous) and smoking 
status (never and ever). 
 The ORs for oral cancer and SLT use among male ever SLT users relative to 
never users exceeded five and remained statistically significant after adjustment. For 
the past users the odds ratio was: ORadj: 5.29 (95%CI: 2.62-10.67). Similarly, 
chewing habits without SLT also increased the oral cancer risk, ORadj: 4.46 (95%CI: 
1.06-18.80). However, risk of oral cancer was lower among non-tobacco chewers 
compared to chewing habits with tobacco (see table 55) 
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Figure 21: Relationship between frequency of smokeless tobacco use per day and 
oral cancer risk (comparison between male and female) 
 
 Among men, both BQ with Zarda or Sadapata and BQ without tobacco 
increased oral cancer risk– ORadj=5.89 (95%CI: 2.87-12.10) and ORadj=2.78 
(95%CI: 0.81-9.51) respectively. However, the estimate for BQ without tobacco was 
not precise, with a large confidence interval due to an inadequate observation. 
 Starting SLT at a younger age was related with a greater risk of oral cancer. 
Men who started using SLT at the age 20 or below were six times more likely to 
develop oral cancer compared to those who did not use SLT, ORadj= 6.12 (95%CI: 
2.67-13.95), Whereas the ORs for initiating SLT at the age after 30 years old was only, 
ORadj= 4.50 (95%CI: 1.36-14.85). However, the linear trend was statistically 
insignificant. 
 A strong dose-response relationship was observed between frequency of SLT 
use and oral cancer incidence. Adjusted odds ratio for men who consumed SLT 1-5 
times a day was, ORadj= 3.12 (95%CI: 1.34-7.21) rising to more than eight-fold for 
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SLT longer in mouth increased the oral cancer risk. However, the linear trend was not 
statistically significant (see Table 55). 
 The adjusted ORs for the total duration of SLT was more than four-fold for 
those consumed SLT for less than 30 years and increased to more than six-fold for 
those consumed SLT over 30 years. Additionally, lifetime cumulative exposure showed 
four- fold increased risk for 20 or less chew-years and climbed to nearly 13-fold for 
more than 40-chew-years (see figure 24) 
 
 
Figure 22: Relationship between total minutes of retaining smokeless tobacco in the 
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310 | P a g e  
 
 
Table 55: Odds ratios with 95% Confidence interval for oral cancer from smokeless tobacco use among men (81 cases and 162 
controls) 
 
Categories Cases Control Crude OR (95% 
CI) ª 
Adjusted OR 
(95% CI) ᵇ 
Fully adjusted OR 




Chewing habits       
Never 20  103  Reference Reference Reference  <0.001 
Ever users 61  59  5.32 (2.93-9.68) 5.32 (2.92-9.72) 5.19 (2.60-10.36) 
Current users 48  45  5.49 (2.93-10.30) 5.49 (2.92-10.30) 5.07 (2.47-10.41) <0.001 
Past users 13  14  4.78 (1.96-11.69) 4.77 (1.93-11.79) 5.71 (2.03-16.08) 
Chewing habits with SLTᶠ       
Never 20 103 Reference Reference Reference 
<0.001 
Ever chewing 53 50 5.46 (2.95-10.01) 5.42 (2.92-10.06) 5.29 (2.62-10.67) 
Chewing habits without 
SLT 
      
Never 213 30 Reference Reference Reference 0.04 
Ever chewing   4.59 (1.58-13.29) 4.43 (1.52-12.94) 4.46 (1.06-18.80) 
Type of chewing productsᶠ       




BQ Zarda/Sadapata 48 46  5.37 (2.87-10.06) 5.38 (2.87-10.10) 5.89 (2.87-12.10) 
BQ without tobacco 8  9  4.58 (1.58-13.29) 4.59 (1.58-13.35) 2.78 (0.81-9.51) 
Gul/Panmasala  2 2 5.15 (0.68-38.73) 5.15 (0.68-38.75) 2.92 (0.21-40.91) 
Age at SLT initiationᶠ       
Never users  20 103  Reference Reference Reference <0.001 
≤20 years old  28 26 5.55 (2.71-11.36) 5.52 (2.69-11.31) 6.12 (2.67-13.95) 
21-30 years old 16 17 4.85 (2.10-11.16) 4.76 (2.04-11.06) 4.61 (1.78-11.88) 
>30 years old 9 7 6.62 (2.21-19.85) 6.61 (2.20-19.82) 4.50 (1.36-14.85) 
P-for trend   0.97 0.94 0.51 
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Categories Cases Control Crude OR (95% 
CI) ª 
Adjusted OR 
(95% CI) ᵇ 
Fully adjusted 
OR (95% CI) ᶜ 
P-
valueᵈ 
Freq of SLT per dayᶠ       
Never users  20  103  Reference Reference Reference 0.005 
 1-5 per day 19 29 3.37 (1.59-7.15) 3.37 (1.59-7.15) 3.12 (1.34-7.21) 
> 5 per day 34 21 8.34 (4.04-17.21) 8.33 (4.01-17.32) 8.55 (3.75-19.48) 
P-for trendᵉ   0.10 0.08 0.10  
Duration of holding SLTᶠ       
Never users  20  103  Reference Reference Reference <0.001 
≤10 minutes 37  43 4.43 (2.31-8.49) 4.49 (2.31-8.50) 4.83 (2.30-10.11) 
>10 minutes 16 7  11.77 (4.29-32.29) 11.75 (4.24-32.52) 7.31 (2.38-22.61) 
P-for trendᵉ   0.18 0.15 0.31 
Total Years of SLT useᶠ       
Never users 20  103  Reference Reference Reference 
<0.001 1-30 years 27 26 5.35 (2.60-11.01) 5.40 (2.61-11.20) 4.85 (2.16-10.89) 
>30 years 26  24 5.58 (2.68-11.61) 5.44 (2.51-11.82) 5.93 (2.45-14.35) 
P-for trendᵉ   0.55 0.79 0.81  
Lifetime exposure to SLTᶠ       
Never user 20  103  Reference Reference Reference <0.001 
≤20 chew-years 28 30 4.81 (2.38-9.71) 4.80 (2.37-9.70) 4.34 (1.98-9.51)  
21-40 chew-years 15 15 5.15 (2.18-12.18) 5.20 (2.16-12.52) 5.65 (2.11-15.09)  
>40 chew-years 10 5 10.3 (3.18-33.37) 10.48 (3.11-35.26) 13.34 (3.41-52.15)  
P-for trendᵉ   0.3 0.17 0.19  
 
 
Abbreviations: CI, confidence interval; N, number; OR, odds ratio.; SLT, Smokeless Tobacco 
ª Crude OR: OR and 95% CI were calculated using unconditional logistic regression 
ᵇ OR and 95% CI were calculated using unconditional logistic regression, adjusted for age 
ᶜ OR and 95% CI were calculated using unconditional logistic regression, adjusted for, age, education status, employment status, 
smoking status (never, ever), BMI (continuous). 
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ᵈ P-value derived from entering the independent variables as a categorical variable in the logistic model. 
ᵉ P-for trends derived from entering predictor variables as continuous variables in the logistic model.  
ᶠanalysis excluding chewing products without tobacco




4.2.6.4 Odds ratios for oral cancer of smokeless tobacco use among women 
 
 
 Table 56 represents odds ratios with 95% confidence interval for oral cancer 
from SLT use among women. Odds ratios were derived from the unconditional logistic 
regression model. Three ORs were reported. Firstly, crude or unadjusted ORs (only 
target independent variable), second ORs adjusted for matching factor age and third 
ORs were derived from further adjustment for education status (no-formal education 
and formal education), employment status (paid work and unpaid work), BMI 
(continuous). 
 The risk of oral cancer from ever using SLT use among women is more than 
double compared to men, ORadj=14.33 (95%CI: 6.33-32.42) and ORadj=5.29 
(95%CI: 2.62-10.67) respectively. The association remained statistically significant 
(p<0.001) after adjusting for other measures. Regarding the types, BQ with 
Zarda/sadapata was associated with the highest risk, ORadj= 14.03 (95%CI: 6.10-
32.25). In addition, BQ without tobacco also increased the oral cancer risk but much 
lower compared BQ with tobacco, ORadj= 8.58 (95%CI: 2.66-27.74). 
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Figure 23: Relationship between total years of smokeless tobacco use and risk of 
oral cancer (comparison between male and female) 
 
  A strong dose-response relationship was observed for frequency of SLT use. 
Women who chewed SLT up to five times a day had the odds ratio of, ORadj= 5.37 
(2.07-13.89) and that increased to nearly 33-fold for chewing SLT more than five times 
a day (see Figure 21). The linear trend remained significant after adjusting for other 
covariates. Similar to men, women who started SLT at the age 20 years old or younger 
had the highest risk compared to non-users. The adjusted OR was 16.65 (95% CI: 
6.83-40.55) when relative group was never users. 
 Holding SLT longer inside mouth increased oral cancer risk substantially. Among 
women, those reported holding SLT over 10 minutes had 29 times higher odds of 
developing oral cancer. The adjusted odds ratio was, ORadj: 29.53 (95%CI: 9.84-
88.56) (see Figure 22). 
 The lifetime exposure to SLT which was expressed in chew-years, showed 
strong dose-response relationship. The adjusted odds of oral cancer for those had 20 
























Odds ratios for male Odds raios for female
315 | P a g e  
 
ORadj=20.91 (95%CI: 7.24-60.39) for those with 21-40 chew-years. The liner trend 




Figure 24: Relationship between lifetime chew-years and risk of oral cancer 















Never user 20 or less chew-years 21-40 chew-years More than 40 chew-years
Odds ratio for male Odds ratio for female
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Table 56: Odds ratios with 95% confidence interval for oral cancer of smokeless tobacco use among women (88 cases and 176 
controls) 
Categories Case Control Crude ORª 
(95% CI) 
Adjusted OR ᵇ 






Chewing habit       
Never 10  110  Reference Reference Reference <0.001 
Ever chewing 78  66  13.00 (6.29-26.86) 14.88 (7.00-31.62) 12.79 (5.69-28.72) 
Current chewing 67  44  16.75 (7.90-35.49) 17.46 (8.16-37.37) 15.10 (6.65-34.28) <0.001 
Past chewing 11  22  5.50 (2.08-14.52) 6.37 (2.25-18.00) 5.62 (1.86-17.03) 
Chewing with SLTᶠ       
Never 10 110 Reference Reference Reference <0.001 
Ever chewing 68 54 13.85 (6.61-29.01) 16.07 (7.41-34.81) 14.33 (6.33-32.42) 
Chewing without 
tobacco  
      
Never 10 110 Reference Reference Reference  
Ever chewing  10 12 9.17 (3.18-26.46) 9.72 (3.25-29.05) 10.70 (3.27-34.99) 
Type of chewing 
products 
      
None 10  110  Reference Reference Reference <0.001 
BQ with Zarda/Sadapata 65  51  14.02 (6.66-29.50) 16.17 (7.46-35.03) 14.03 (6.10-32.25) 
BQ without tobacco 10  12  9.17 (3.18-26.45) 10.37 (3.50-30.30) 8.58 (2.66-27.74) 
Gul/Panmasala 3  3  11.00 (1.96-61.82) 12.20 (2.13-69.86) 10.89 (1.63-72.24) 
Age at SLT initiationᶠ       
Never users  10  110 Reference Reference Reference <0.001 
 ≤20 years old  46 32 15.81 (7.18-34.81) 19.71 (8.48-45.83) 16.65(6.83-40.55) 
21-30 years old 15 13  12.69 (4.74-33.99) 14.53(5.29-39.92) 11.63(4.06-33.34) 
>30 years old 7 9  8.56(2.63-27.87) 8.98 (2.72-29.61) 11.70 (3.22-42.47) 
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Categories Case Control Crude ORª 
(95% CI) 
Adjusted ORᵇ 






Freq of SLT per dayᶠ       
Never users  10  110  Reference Reference Reference <0.001 
1-5 per day 16 36 4.89 (2.04-11.73) 5.67(2.29-14.02) 5.37 (2.07-13.89) 
> 5 per day 52 18 31.78 (13.71-
73.64) 
36.93 (15.29-89.20) 32.65(12.84-83.02) 
P-for trend   0.002 0.001 0.003 
SLT holding durationᶠ       
Never users  10  110  Reference Reference Reference <0.001 
≤10 minutes 44 44 11.00 (5.09-23.77) 12.80 (5.74-28.53)  11.74(5.06-27.24) 
>10 minutes 24 10 26.40 (9.89-70.44) 32.61 (11.64-91.32) 29.53(9.84-88.56) 
P-for trendᵉ   0.06 0.04 0.06 
Total Years of SLT useᶠ       
Never users 10  110  Reference Reference Reference <0.001 
1-30 years 34 22 17.00 (7.33-39.40) 16.67 (7.17-38.76) 16.32 (6.61-40.27) 
>30 years 34 32 11.69 (5.21-26.21) 15.17 (6.01-38.28) 12.04 (4.62-31.32) 
P-for trend   0.86 0.27 0.75 
Lifetime exposure to 
SLTᶠ 
      
Never user 10  110  Reference Reference Reference <0.001 
≤20 chew-years 26 35 8.17 (3.59-18.60) 9.54 (4.08-22.28) 8.96 (3.65-22.01) 
21-40 chew-years 23 13 19.46 (7.61-49.77) 26.45 (9.66-72.40) 20.91 (7.24-60.39) 
>40 chew-years 19 6 34.83 (11.33-
107.10) 
57.50 (16.74-197.49) 49.98 (14.06-
177.63) 
P-for trendᵉ   0.02 0.004 0.009 
Abbreviations: CI, confidence interval; N, number; OR, odds ratio.; SLT, Smokeless Tobacco; BQ, Betel Quid 
ª Crude OR: OR and 95% CI were calculated using unconditional logistic regression 
ᵇ OR and 95% CI were calculated using unconditional logistic regression, adjusted for age 
ᶜ OR and 95% CI were calculated using unconditional logistic regression, adjusted for, age, education status, BMI (categorical). 
ᵈ P-value derived from entering the independent variables as a categorical variable in the logistic model. 
ᵉ P-for trends derived from entering predictor variables as continuous variables in the logistic model. 
ᶠanalysis excluding chewing products without tobacco
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4.2.6.5 Joint effects of smoking and smokeless tobacco among men 
 
 None of the female participants reported smoking. Therefore, the joint effects 
of SLT and smoking was explored for the men only. Table 57 shows the joint effects 
of smoking and SLT use among men. As shown in the table both SLT and smoking 
induced a significant increase risk of oral cancer even for subjects who were never 
been exposed to other habits. The joint effect of smoking and SLT use in the 
development of oral cancer appeared to be additive. However, present study does not 
have adequate statistical power to test the interaction between the variables. 
Therefore, the joint effects findings should be interpreted with caution. 
 













NO NO 06 72 1.0 1.0 
      
YES NO 14 31 5.42 (1.91-15.41) 4.18 (1.42-12.26) * 
      
NO YES 28 38 8.67 (3.28-22.95) 6.78 (2.47-18.67) 
** 
      
YES YES 33 21 23.14 (8.07-66.38) 17.23 (5.70-52.01) 
** 
n: total number; ORs: odds ratio; CI: confidence Interval: SLT: smokeless tobacco. 
ª ORs adjusted for age, education status, employment status, and BMI. 
* P-Value less than 0.05, ** P-value less than 0.001. 
Measure of interaction on an additive scale: RERI= 17.23 - 6.78 – 4.18 + 1= 7.27, which is > 0 thus 
suggesting positive interaction in an additive scale. 
Measure of interaction on a multiplicative scale: ratio of ORs= 17.23 / 6.78 X 4.18= 0.61, which is <1.0 
thus suggesting negative interaction in multiplicative scale. 
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4.2.7 Population attributable risk associated with smokeless 
tobacco use 
 
  The estimated overall PAF (Population Attributable Fraction) of SLT for oral 
cancer in Bangladesh was 61%. The gender specific PAF of SLT for oral cancer in 
Bangladesh was 41% and 76% for men and women, respectively. In addition, dual 
use of SLT and smoking related PAF for men was 72%. An estimated 8174 incidence 
cases of oral cancer in Bangladesh are attributable to SLT use (there was an estimated 
13,401 new oral cancer cases during 2018). An estimated 3646 incidence oral cancer 
cases among men were attributable to SLT use alone (Total oral cancer incidence 
cases for Bangladeshi men were 8,895) and 6378 new oral cancer cases among men 
were attributable to dual use of SLT and smoking. For women, 3424 incidence cases 
of oral cancer were attributable to SLT use (Total oral cancer incidence cases for 
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Chapter V. Discussion and Conclusion 
The overall aim of this PhD study is to examine the factors contributing to 
adolescent SLT use in Bangladesh and the role of SLT in oral carcinogenesis amongst 
Bangladeshi adults. An adolescent cross-sectional survey and a hospital-based case-
control study were conducted to attain the research goals. This chapter will illustrate 
and interpret the key findings of the study and compare the findings with the existing 
literature in the field. This will be followed by an analysis of the key strengths and 
limitations of the study, public health implications, recommendations for public health 
actions and future research, and finally, a brief conclusion. 
5.1 Significant findings of the adolescent cross-sectional 
survey 
5.1.1 Practice and Patterns of smokeless tobacco use 
The first objective of the adolescent cross-sectional survey was to investigate 
the current practice and pattern of SLT use among 13-15-year-old rural adolescents 
in Bangladesh. The findings indicate a rather low current incidence of SLT use among 
rural Bangladeshi students, with only 3.7% of students being current users and 9.5% 
of adolescents having ever tried SLT. This was somewhat less prevalent than the 
previous Global Youth Tobacco Survey (GYTS) results in Bangladesh (4.5%) (WHO, 
2015) – which is probably due to the recent implementation of the 15% value added 
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tax (VAT) and 30% supplementary duty on SLT products (Nargis, Hussain and Fong, 
2014). The positive association between tax increases and decline in adolescent 
tobacco use was reported in a previous study (Levy et al., 2017). 
The gender differences in adolescent SLT use is a well-established factor. Rural 
Bangladeshi boys are the main users of SLT, as has been found in the studies 
conducted in other South Asian countries, e.g. Bhutan, India, Pakistan and Myanmar 
(Sinha et al., 2014; Chatterjee et al., 2016; Bhaskar et al., 2016; Hussain et al., 2017; 
Rinchen and Taneepanichskul, 2018). However, a study of the African region reported 
the opposite, as they found that girls were the leading users of SLT (Ranatao and Ayo-
Yusuf, 2012). 
A previous Global Adult Tobacco Survey report showed that most Bangladeshi 
adults start using SLT in their 30s (WHO, 2009). Rather unexpectedly, rural 
adolescents try SLT at a young age, in some cases as early as seven years old. 
However, the majority of students tried SLT at the age of 12 or younger, which ties in 
well with previous studies, which found that most adolescents try SLT between the 
age of 10 and 13 (Rozi and Akther 2007; Kumar et al., 2014; Veeranki et al., 2015; 
Chatterjee et al., 2016; Hussain et al., 2017;). 
Regarding the type and sources of SLT, Zarda was the most commonly used 
SLT by rural adolescents, as it was with Bangladeshi adults (Huque et al., 2017). This 
was also observed in neighbouring countries like Nepal and Sri Lanka (Sinha et al., 
2014). The present study found that the major source of SLT for rural Bangladeshi 
adolescents was informal/social connections. More than 40% (12) current users got 
SLT from social connections and 34% (10) students from commercial sources. This 
finding validates the results of the previous studies, which suggested that the majority 
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of adolescents got SLT from informal or social connections, followed by commercial 
sources (Huhtala et al., 2006; Kaestle et al., 2009; Warren, Smalley, and Barefoot, 
2015). 
 Regarding SLT accessibility, the results of the present study indicate that most 
adolescents were able to buy SLT without any restrictions. This striking finding showed 
that 86% of the current users were able to buy SLT without restriction. Bangladesh 
has a Tobacco Control Act (TCA) that restricts the sale of tobacco products, including 
SLT, by or to minors (WHO, 2013b). The present study findings indicate that there is 
poor implementation of the law in rural areas of Bangladesh. A similar picture was 
revealed in a recent GYTS report from Bangladesh, where they found 97.8% students 
(13-15) were not refused tobacco when they tried to buy it (Islam et al., 2016). This 
study supports evidence from previous reviews, which found that poor implementation 
of tobacco control law is widespread in LMICs (Sinha et al., 2017). 
  Poor implementation of the current tobacco control law is also evident from 
another key finding of the present study, that over 45% of all SLT users did not see 
any health warnings on the SLT packages. Based on the new Tobacco Act amendment 
2013, SLT manufacturers are required to have written health warnings and graphic 
images that cover at least 50% of the product packaging (WHO, 2013b). However, a 
previous study by Siddiqi et al., (2016) also reported there was poor implementation 
of this law in Bangladesh. 
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 The present study found that over 89% of current users wanted to quit SLT 
now – 34% had tried but were unsuccessful – however, professional help was not 
available. Instead, most of the help was offered by friends and family. The non-
existence of SLT cessation services in Bangladesh has also been reported in a previous 
Global Adult Tobacco Survey (WHO, 2017). 
 
  5.1.2 Knowledge and awareness 
 
 The second objective of the cross-sectional study was to determine the 
knowledge and perception of the ill effects of SLT use. There was good overall 
knowledge of the harm that SLT caused – over 75% of the respondents thought SLT 
use was bad for their health. Regarding the adverse effects of SLT use, over 50% of 
adolescents knew that SLT causes white patches in the mouth and over 60% of 
respondents knew that SLT causes oral cancer, gum diseases and heart disease. These 
findings support the results of other studies carried out in neighbouring countries like 
India, where they found that most adolescents knew about the adverse effects of SLT 
use (Goyal and Bhagawati, 2016; Metgud et al., 2018). 
 Over 40% of students were unaware that SLT products contained nicotine. This 
finding is comparable with a study conducted in Tanzania, where 50% of students 
were unaware that SLT products contained nicotine (Kaduri et al., 2008). Regarding 
the perceived severity of SLT, over 25% of students thought it was less harmful 
compared to smoking tobacco and 32% of respondents were unaware of the relative 
harm of SLT compared to traditional smoking tobacco. These results suggest that 
despite having a good knowledge of the adverse effects of SLT, misconceptions about 
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its use still exist. These findings are in line with previous studies, where the belief that 
SLT is less harmful than cigarettes was widely prevalent among adolescents (Persoskie 
et al., 2017; Randolph, 2017; Walker et al., 2018). 
 Regarding the knowledge index, 54.2% (428) of respondents had a good 
knowledge of the adverse effects of SLT. Though non-users were more aware of SLT-
related harms than users and males than females. In addition, respondents with 
unfavourable attitudes, such as adolescents who would use SLT if it were offered by 
a friend, had less knowledge than students with favourable attitudes (p=0.003). 
Similarly, adolescents who thought it was not difficult to quit using SLT had 
significantly poorer knowledge compared to those that thought the opposite 
(p<0.0001). 
 
5.1.3 Predictors of current smokeless tobacco use 
 
 The third objective of the adolescent cross-sectional survey was to locate the 
key predictors of current SLT use. The following measures were (p<0.05) associated 
with current SLT use in adolescents: age, self-efficacy, perceived barriers, perceived 
benefits, and perceived severity. Their father’s profession was significantly associated 
in the univariate analysis but lost its significance in the multivariate analysis. 
 Age was a significant predictor of current SLT use, which was consistent with 
previous studies, as adolescents aged 14 and above were six times more likely to be 
a current SLT user compared to those younger than 14 (OR-6.59; 95%CI: 1.93-22.50). 
The increasing trend of older adolescents currently using SLT is consistent with 
previous studies in the US and South Asia (Tomar and Giovino, 1998; Reddy et al., 
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2006; Rozi and Akther, 2007; Agaku et al., 2013; Chaffee et al., 2019). However, this 
is contradictory to studies from the African region, where SLT prevalence in 
adolescents decreases with age (Rudatisikari et al., 2010; Veeranki et al., 2015). 
 In this study, ‘self-efficacy’ was one of the significant predictors of current SLT 
use. Adolescents who would use SLT if offered by a friend were nearly six times more 
likely to be current SLT users than those who would not (OR-5.79, 95% CI = 1.62-
20.62). This finding is consistent with previous studies (Rantao and Ayo-Yusuf, 2012; 
Kumar et al., 2014) where lower refusal self-efficacy was associated with increased 
SLT use amongst adolescents. As predicted by Bandura’s Social Cognitive Theory, 
individuals with a high level of internal locus of control and self-efficacy have more 
control over negative behaviour (e.g. tobacco use) (Bandura, 1989). This suggests 
that improving self-efficacy through behavioural interventions can enhance the 
individual’s success in quitting SLT or prevent its future use (Siddiqi et al., 2016). 
 The findings also showed that adolescents who perceived that quitting SLT is 
easy were three times more likely to be current SLT users, compared to those who 
perceived the opposite. This suggests that adolescents who are current SLT users 
generally know the adverse effects of SLT use but are unaware of its addictive nature. 
In other words, adolescents who are current SLT users are less concerned about the 
health consequences because they think they can quit SLT easily. Previous studies 
have shown that adolescents have adequate knowledge of the long-term effects of 
SLT use (Goyal and Bhagawati, 2016; Metgud et al., 2018). The findings of the present 
study show that 59% of the respondents thought it was not difficult to quit SLT after 
they had started using it, thus, exemplifying the adolescents’ misconception about the 
addictive nature of SLT use. 
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 Adolescents who thought there were benefits of SLT use were four times more 
likely to be current SLT users compared to those that thought the opposite. The study 
findings are in line with the previous studies (Aryal et al., 2013; Liu et al., 2015; Morrell 
et al., 2016). This finding provides further support for the argument that adolescents 
are usually subject to an optimism bias while becoming a regular tobacco user. This 
view is consistent with the Health Belief Model (HBM), which predicts that individuals 
who perceive that SLT will not harm their body and even has benefits, are susceptible 
to SLT use (Glanz et al., 2015). 
 The present study found that lower harm perception was positively associated 
with current SLT use – adolescents who thought that SLT was less harmful than 
smoking tobacco were nearly three times more likely to be current SLT users compared 
to those who thought the opposite (OR- 2.79; 95%CI: 1.01-7.61). These findings are 
consistent with previous cross-sectional studies which found that low perception of 
harm is associated with SLT use in adolescents (Smith et al., 2015; Persoskie et al., 
















5.2 Significant findings of the hospital-based case-
control study 
 
5.2.1 Risk of oral cancer associated with smokeless tobacco use 
 
 Data from this hospital-based case-control study showed there was an elevated 
risk of oral cancer amongst SLT users relative to non-users, which further supports 
the IARC’s evidence that SLT use causes oral cancer in humans (IARC, 2012). Ever 
using SLT elevated the oral cancer risk by nearly eight-fold when the relative group 
were non-users. However, the former SLT users experienced a much lower risk 
compared to ever users. The magnitude of the risk remained significant after an 
adjustment had been made for other demographics and risk factors and stratified 
analysis by gender. The eight-fold increased risk of oral cancer among ever SLT users 
in the present study was in line with the odds reported in the systematic review and 
metanalysis from South Asia (OR: 7.46; 95%CI: 5.86-9.50) (Gupta and Johnson, 
2014) and the case-control study from India (OR: 8.51, 95%CI: 4.90-14.77) (Gupta, 
Kumar and Johnson, 2017), though the Pakistan study reported there were higher 
odds of oral cancer associated with SLT use (20-fold) (Khan et al., 2017). It is likely 
that the possible reason for the higher odds reported in the Pakistani study was down 
to the type of SLT product (Naswar) used. 
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 With regard to gender, women are more likely to develop oral cancer than men. 
They are also more susceptible to develop SLT induced oral cancer than men. Previous 
studies from the subcontinent have also reported the risk of oral cancer is higher in 
women. A systematic review of case-control studies in India reported that women had 
a 12-fold increased risk of oral cancer from SLT use, whereas the odds were only five-
fold for men (Sinha et al., 2016). These higher odds are attributed to differences in 
their habits. For example, women used SLT more frequently and longer than men. It 
is also worth noting that female cases in the present study started using SLT two years 
earlier than men, on average. Moreover, they used SLT more frequently, with 66% of 
women using SLT more than five times a day whereas only 46% of men did. The 
higher prevalence of cervical cancer among Bangladeshi women (Haque et al., 2017) 
may be down to the Human Papilloma Virus (HPV), which is also an established risk 
factor for oral cancer (Herrero et al., 2003).    
 In terms of the various SLT types, this study supports the IARC classification of 
chewing ‘BQ with tobacco’ and ‘BQ without tobacco’, both of which are causes of oral 
cancer. The present study findings show that chewing BQ with zarda or sadapata 
increase the risk of oral cancer more than eight-fold. Similar findings were reported in 
studies from neighbouring countries. A previous case-control study from India 
reported an 11-fold increased risk of oral cancer associated with chewing BQ with 
tobacco (Madathil et al., 2016).  
 The present study found there was an increased risk of oral cancer from 
chewing BQ without tobacco. However, the magnitude of the risk was lower than 
chewing BQ with tobacco. For the present study, the odds ratio for oral cancer of 
chewing BQ without tobacco was OR= 4.43 (95%CI:1.94-10.10). Though the risk of 
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contracting oral cancer from BQ without tobacco was similar to the other studies from 
the South Asian region, the magnitude of the risk was lower than the risk reported in 
the Pacific region. A systematic review and metanalysis of case-control studies from 
India and the Pacific region reported that the risk of oral cancer in the Indian 
subcontinent was mRR: 2.56 compared to mRR: 10.98 in the Pacific region (Guha et 
al., 2014). Similarly, a hospital-based case-control study in Taiwan reported a positive 
association between BQ without tobacco and oral cancer, and the reported odds ratio 
was 6.31 (95%CI: 3.98-10.00) (Wu et al., 2016). The higher magnitude of the oral 
cancer risk reported in Taiwan and China compared to this study may be due to the 
large number of BQ chewed per day, or a variation in the BQ preparation, such as the 
type of areca nut or slaked lime used with BQ. For example, a case-control study from 
Taiwan reported that red slaked lime had the strongest effect on oral cancer risk and 
was associated with a ten-fold increased risk of oral cancer (Loyha et al., 2012). Also, 
in China and Taiwan, unripe areca nut and betel inflorescence are commonly added 
with BQ, whereas mature areca nuts are used in the Indian subcontinent. Previous 
study results have suggested that unripe areca nut and betel inflorescence are 
associated with a higher oral cancer risk (Ko et al., 1995; Wu et al., 2016). 
 The findings in the present study clearly demonstrated that the risk of oral 
cancer rises with the increased frequency and duration of SLT use, thus further 
strengthening the evidence for causality between SLT use and oral cancer risk. For 
the present study, a clear and strong dose-response between the relationship 
frequency and duration of SLT use and the dose-response relationship was strongest 
among women. 
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 The present study’s findings showed there is a higher oral cancer risk that is 
associated with both the intensity and duration of SLT use. After controlling for 
potential confounders, the risk of oral cancer was found to increase with the increased 
frequency of its use. The linear trend was significant for both men and women. A 
similar trend had been reported in the previous studies. A case-control study from 
India showed that consuming SLT ten times a day was associated with a 42-fold 
increased risk of oral cancer, whereas the risk was only two-fold when SLT was used 
five times or less (Gupta et al., 2017). Another hospital-based case-control study by 
Madathil et al., (2016) showed that chewing BQ ten times a day was associated with 
an eight-fold increased risk of oral cancer and chewing BQ once a day was associated 
with only a four-fold increase. The present study found that men using SLT more than 
five times a day was associated with an eight-fold increased risk of oral cancer, 
whereas it was 32-fold in women. Thus it is possible that women have a greater 
susceptibility to oral tissue damage (Balaram et al., 2002). 
 Using SLT for a longer duration increases the oral cancer risk in Bangladesh. 
The present study findings show that 20 or less chew-years were associated with a 
six-fold increased risk of oral cancer, which escalates to nearly 26-fold for over 40 
chew-years and this risk is higher among women. This finding is in line with the 
previous studies. The case-control study conducted by Khan et al., (2017) found that 
a 28-fold increased risk of oral cancer for 20 pack-years of Naswar use. However, a 
case-control study from India reported a much lower risk. The study conducted by 
Gupta et al., (2017) reported that using SLT for 40 years or more resulted in an 11-
fold increased risk of oral cancer. The type of SLT used in different countries and their 
variance in toxicity is likely to have contributed to this difference (NCI and CDC, 2014). 
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  We found that, overall, 61% of oral cancer cases in Bangladesh are attributable 
to SLT use. The impact of SLT chewing was higher in women (76%) than men (41%). 
Up to 72% of oral cancer cases in men were associated with exposure to dual use of 
smoking and SLT use. Based on these estimates, it can be suggested that the high 
prevalence of SLT use amongst women and the dual use of smoking and SLT in men 
largely explains the incidences of oral cancer in Bangladesh. This suggests a high 
percentage of oral cancer cases in Bangladesh could be prevented if the SLT habit 
was addressed. These findings are comparable with previous studies conducted in 
India and Pakistan. Dikshit and Kanhere (2000) reported that 66% of oral cancer cases 
in India are attributable to SLT use alone. Previous studies carried out in India, which 
showed that the population attributable risk was higher among women and exceeded 
80%, are in agreement with our study. However, contrary to our study, previous 
studies from Pakistan showed that men had the higher attributable risk of oral cancer 
from SLT use (68%) compared to women (38%) (Khan et al., 2017). It is likely the 
type of SLT used in Pakistan will have contributed to this higher attributable fraction 
found amongst Pakistani men. Khan et al., (2017) looked at the population attributable 
risk of oral cancer for ‘Naswar’ use, which is commonly used by men in Pakistan (Sinha 
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5.2.2 Role of other risk factors for oral cancer 
 
 In addition to SLT use, the present case-control study examined the risk of oral 
cancer from tobacco smoking, alcohol drinking, oral health practices, family history of 
cancer and BMI (Body Mass Index). We found that, overall, smoking amongst men 
increased the oral cancer risk. For the present study, cigarette smoking was not 
significantly associated with the oral cancer risk. Similar findings were reported in 
earlier studies carried out in India (Balaram et al., 2003; Znaor et al., 2003; Madani 
et al., 2012). However, in the present study, bidi smoking emerged as an independent 
risk factor for oral cancer in men. As mentioned in the literature review, bidi is an 
indigenous form of smoking, widely smoked in the South Asian subcontinent (Vyas et 
al., 2018). Bidi is believed to have a higher level of nicotine and carcinogens (Rahman 
and Fukui, 2000). The finding of the bidi smoking in the present study was OR= 2.66, 
CI: (1.41-5.02) and is in line with previous studies and the odds ratio ranged from 
(OR: 2.6-3.1) (Balaram et al., 2003; Muwonge et al., 2008; Rahman et al., 2003; 
Znaor et al., 2003). There are several reasons that could explain this discrepancy. 
Firstly, the mean consumption of cigarette smoking did not differ significantly between 
the cases and controls. Perhaps we did not observe an association between cigarettes 
and oral cancer risk for this reason. Secondly, the overall toxicity is likely to be higher 
in bidi smoking compared to cigarettes (Rahman and Fukui, 2000). Thirdly, bidi is 
wrapped with tendu leaf, which is less porous than traditional cigarettes and has poor 
combustibility, which results in users inhaling a higher percentage of nicotine, tar and 
carbon monoxide. Bidi smokers tend to use more chewing tobacco and betel quid than 
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cigarette smokers, which could also be another contributing factor (Rahman et al., 
2003). As a cheaper alternative to the cigarette, bidi is smoked widely by those from 
a lower socio-economic background and more frequently than cigarettes, which can 
contribute to oral cancer risk. In the present study, bidi smokers smoked more 
frequently than cigarette smokers did. 
 A novel finding of the present study was the increased risk of oral cancer among 
SLT users with poor oral hygiene (frequency of cleaning and the instrument used to 
clean teeth) compared to non-SLT users with poor oral hygiene. Amongst ever SLT 
users, using fingers and sticks to clean the teeth increased the oral cancer risk 
significantly compared to cleaning with a toothbrush. Also, less frequent teeth cleaning 
increased the oral cancer risk amongst SLT users. These findings are in line with the 
previous case-control study conducted by Gupta et al., (2017), which found that the 
risk of oral cancer development in those who clean their teeth once a day or not at all 
was two-fold [OR:2.16 (95%CI: 1.18–3.93)] when the reference group was those that 
cleaned twice daily or more. Also, the oral cancer risk increased significantly for those 
who used fingers or a stick to clean their teeth OR: 1.29 (95%CI: 0.79–2.09). More 
frequent cleaning of the teeth has a preventive effect against mouth cancer, as was 
seen amongst the study subjects who had never had a tobacco and alcohol habit 
(Chan et al., 2017). Dental plaque removal through tooth brushing is likely to have a 
protective effect against oral cancer (Zeng et al., 2015). Dental plaque is known to be 
a reservoir of pathogens, produces nitrosamine and contributes to inflammation, 
which is a key component for the breakdown of normal cell growth and the initiation 
of carcinogenesis. Regular tooth brushing can remove both dental plaque and the toxic 
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residues of tobacco and can therefore prevent or delay oral carcinogenesis (Gupta et 
al., 2017). 
 The stratified analysis also showed that regular visits to the dentist reduce the 
oral cancer risk for non-SLT users. This confirms the similar findings of previous studies 
conducted by Chang, et al., (2013), Ahrens, et al., (2014), and Kawakita, et al., 
(2017). This significant association between regular dental visits and oral cancer risk 
among non-SLT users may be an indication of better dental care habits. Also, regular 
dental visits allow the dentist to look for pre-malignant lesions and treat them. Then 
again, those who go to the dentist regularly may come from a higher socio-economic 
background, which was previously identified as an indicator of better health overall 
(Park et al., 2016). 
 In this study, we found that leanness was associated with an increased risk of 
oral cancer. A similar proposition was made in earlier case-control studies (Kreimer et 
al., 2006; Radoi et al., 2013). The exact biological mechanism responsible for this 
association between BMI and oral cancer is still unknown, although there are two 
possible explanations for the association between leanness and oral cancer. Firstly, 
undiagnosed cancer lesions in the oral cavity may cause dysphagia or suppress taste 
and appetite, which could lead to a reduction of overall calorie intake and weight loss 
(Gaudet et al., 2010). Another explanation is that BQ – the commonly used SLT in the 
present study – allegedly moderates the metabolic signals that control the appetite, 
resulting in suppressed hunger and an increased risk of malnutrition, and thus 
lowering BMI (Javed, et al., 2010).  
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5.3 Strengths and limitations of the study 
 
5.3.1 Key strengths and limitations of the cross-sectional survey 
 
 The cross-sectional survey has several key strengths and makes important 
contributions to adolescent SLT use in Bangladesh. To the best of the author’s 
knowledge, this is the first study in the rural area of Bangladesh to exclusively look at 
adolescent SLT use and the factors that contribute to its current use. The findings of 
the present study will provide valuable insights for key stakeholders who aim to 
develop or implement policies and interventions that can prevent adolescent SLT use. 
We used a validated questionnaire from the WHO’s GYTS (Global Youth Tobacco 
Survey), which enabled our findings to be compared with other similar studies in this 
field. 
The generalisability of the present study is only limited to school-going 
adolescents. It is highly likely, with the high school dropout rate in rural Bangladesh 
being as high as nearly 40% for secondary schools (Sarkar, Wu, and Hossain, 2019), 
that the present study’s findings may not be representative of school dropout 
adolescents. There is a great difference between the tobacco use status of school-
going adolescents and school dropout students. Previous literature has suggested that 
school dropouts, or those who never been to school, are more likely to use tobacco, 
as they are not guided by school-based intervention and the supervision of teachers 
(Adebiyi et al., 2010). Some studies have suggested that the tobacco prevalence of 
school dropout students is as high as over 50% (Desai et al., 2019).  
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The school survey was based on self-reported data; therefore, the data 
collected may be subjective. There is the possibility that tobacco use was over or 
under-reported. Thus, a social desirability bias may have been introduced, as 
adolescents are less likely to report socially undesirable behaviours, such as tobacco 
use. However, a study conducted by Post et al., (2005) among Swedish adolescents 
on smoking and SLT behaviour confirmed the validity of adolescents’ self-reported 
tobacco use. In addition, a study conducted by Valladolid-López et al., (2015) stated 
that self-reported smoking in the past 30 days, which is used as a tobacco behaviour 
measure in the GYTS (Global Youth Tobacco Survey), is a valid and stable indicator of 
current tobacco use behaviour. Moreover, ensuring anonymity and confidentiality 
enhanced the validity of the self-reported data. Also, the social acceptability of SLT 
use in Bangladeshi culture has lessened the effect of social desirability bias. 
The cross-sectional design of the current study did not allow causal inferences 
between SLT use and other descriptive measures of interest. Longitudinal data would 
require the temporal relationships between the variables to be established. 
Consequently, establishing a cause-and-effect relationship in tobacco research would 
require a long-term follow-up study. Due to limited resources, only adolescents in two 
rural schools were included in this study. Therefore, it can be argued that the findings 
herein reported are not necessarily representative of the entire target population. 
Therefore, the generalisability of the study findings are limited. 
The present school survey did not include information about parental SLT use. 
Though the results of previous studies showed that exposure to parental SLT use was 
a strong predictor of adolescent SLT use (Agaku et al., 2013; Hussain, Zaheer and 
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Shafique, 2013; Bhaskar et al., 2016), the study failed to include this information. As 
mentioned previously, the data collection tool for the study was adopted from the 
smokeless tobacco module of GYTS Version 1.0. It is similar to the GYTS questionnaire, 
although the questionnaire was designed to collect detailed information about smoked 
tobacco rather than exclusively look at SLT use. 
 
5.3.2 Key strengths and limitations of the hospital-based case-
control study 
 
 A hospital-based case-control study was carried out to determine the 
association between SLT use and oral cancer among Bangladeshi adults. A prospective 
cohort study would be the ideal way to establish the epidemiological associations 
between possible risk factors and disease (Gerstman, 2013), as mentioned in the 
methodology, but this is sometimes not feasible, especially when the outcome 
measure is as rare as oral cancer. Therefore, case-control studies are the most feasible 
method of understanding the risk factors. However, due to their retrospective nature, 
case-control studies are susceptible to different types of biases. This subsection will 
provide an overview of the key strengths and limitations of the case-control study, 
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Strengths 
 For this study, we have only included histologically confirmed incidences of oral 
cancer cases. Recruiting histologically confirmed cases is considered to be gold 
standard practice and ensured the study’s higher validity by minimising the chance of 
selection bias by recruiting only incidence cases. We have also minimised the chance 
of recall bias, thus ensuring a more accurate assessment of exposure of interest, 
compared to prevalent cases. Moreover, using the life grid during the interview helped 
to recall the past exposure accurately, and thus minimised the chance of recall bias. 
 We also recorded factors that influenced the participation and non-participation 
of cases and controls, which enabled us to understand whether these factors could 
significantly affect the findings. There was a high response rate for the study, which 
allowed the comparability of baseline demographic data and risk factors of participants 
and non-participants and claim against bias availability for the study. Non-respondents 
showed both comparable age and marital status, like the respondents, and current 
SLT use and regular smoking status among non-participant and participant cases were 
also similar. Moreover, current SLT use status among the controls was comparable to 
Bangladesh’s national SLT prevalence, thus the evidence was representative of the 
source population. 
 Interviews were carried out with those with cases prior to disclosing the biopsy 
result to the patients. This strategy may have avoided the differential recall of 
exposure among cases and controls. In addition, as the interviewer did not know the 
case or control status of the interviewee, it reduced the chance of interviewer bias. 
Also, to avoid interviewer bias, efforts were taken to standardise the interview 
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technique and the format of the interview questionnaire. As well as this, an 
identification number was used to minimise the interviewer’s awareness of the case 
or control status of the interviewee. 
 In a case-control study, the selection of an appropriate control is vital to avoid 
selection bias. The controls should be comparable to cases in respect to the biases of 
hospitalisation and the choice of hospital. To ensure controls represented the 
distribution of the exposure in the study population, controls were selected from the 
same hospital as cases, which produced more confidence in the validity of the study 
findings. Recruiting controls from the same hospital also ensured there was 
comparable accuracy of information between cases. In addition, controls were 
selected from several disease sources whose risk factors were not related to exposure 
of interest, which allowed us to detect an effected estimate that was closer to the true 
effect. 
 For the present case-control study, every step was taken to ensure the 
minimisation of the confounder effects. During the design phase, age and gender were 
identified as potential confounders, therefore cases and controls were age and gender-
matched to eliminate the confounding effects. Additionally, during multivariate 
analysis, odds ratios were adjusted for the matching factors to eliminate the effects 
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Limitations 
 The case-control study design is an efficient method to study rare outcomes. 
However, there are important limitations inherent to this design (Melamed and 
Robinson, 2019). Though every effort was made to reduce study error, the study was 
susceptible to several types of biases, inherent to the case-control study design. One 
of the most cited limitations of the case-control study design is the potential for recall 
bias (Tenny and Hoffman, 2020). The recall bias in the case-control study is the 
increased likelihood of cases being recalled and reported more often than the controls. 
Although several efforts were made to address this issue, the chance of recall bias 
occurring cannot be ruled out. 
 Since this is a hospital-based case-control study, oral cancer cases may not be 
representative of the base population from which they came from. As the study 
hospital was a tertiary-level dental hospital and deals with only patients with dental 
problems, the possibility of selection bias cannot be ruled out. Moreover, it is difficult 
to measure the direction of bias, therefore, estimated oral cancer risk may possibly be 
overestimated or underestimated. 
 Another possible limitation of the current study was that we used hospital 
controls. As previous studies suggested, using population-based controls is the better 
fit for a hospital-based case-control study (Neupane, et al., 2010). A general concern 
with the hospital controls is that it may not represent the study base, therefore it may 
introduce selection bias. One of the key requisites for the control group was that it 
should reflect the population from where the cases would arise. Being a tertiary-level 
dental hospital, only hospital patients were referred to in Bangladesh, therefore it was 
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hard to define the exact catchment area of the hospital. Thus, recruiting hospital 
controls was the only viable option. Moreover, recruiting population controls would 
require more resources and be time-consuming. 
  One possible disadvantage of recruiting hospital control is that the risk 
factor for the study disease may also be the risk factor for the disease condition of the 
control, which is the cause of the control’s hospitalisation. This may result in an 
underestimate of the strength of the association between exposure of interest and the 
outcome. Therefore, there may be a bias in favour of the risk factor in the analysis 
that compare oral cancer cases and controls. It would be difficult to detect any 
relationship between the exposure of interest and outcome, as we may have selected 
a control group who has a greater than expected prevalence of exposure of interest 
than exist in the general population. To prevent this situation, we tried to choose 
controls from a range of conditions, exempting any disease that is related to the 
exposure of interest (Woodward, 2014, p. 224). However, that may lead to excluded 
people who use SLT (and don't have oral cancer) from controls. Nevertheless, the SLT 
incidence of our control group was 26.3% and the national prevalence of SLT was 
27.2% (WHO, 2017). Similarly, for the overall smoking incidence of our control group 
was 15.4% and the national smoking prevalence of Bangladesh was 18.0%, which 
demonstrates a good representation of the general population (WHO, 2017).  
 One of the potential limitations of the case-control study was interviewer bias, 
though several efforts were taken to address this issue. The aim was to make sure 
that the interviewer was not aware of the case-control status of the participants. The 
presence of oral cancer lesions was visible to the naked eye in several instances; 
therefore, the likelihood of the interviewer bias cannot be ruled out. 
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 Like other observational studies, the association measured in the case-control 
study may or may not represent the causal relationship (Melamed and Robinson, 
2019). Similar to the cohort study, the odds ratios in this study were adjusted for 
confounding factors. However, some important confounders may be unknown for rare 
outcomes like oral cancer. Some of the risk estimates of the current study had a 
considerably large confidence interval, which indicated a low level of precision of the 
odds ratio or potential bias in this estimate. Even with the unmeasured confounders, 
the high magnitude of the odds ratio suggests that a causal relationship between SLT 
and oral cancer amongst Bangladeshi adults cannot be ruled out. 
 
5.4 Implications and Recommendation  
 
5.4.1 Public health implications 
 
 The findings of the present studies have several public health implications. The 
results of the school survey indicated that SLT use amongst rural Bangladeshi 
adolescents was relatively lower than in other neighbouring countries like India, 
Pakistan and Myanmar. However, one of the original contributions of the present study 
that it identified was the key predictors of SLT use in rural Bangladeshi adolescents. 
Such information is expected to steer future interventions that aim to reduce SLT 
prevalence among the rural population. The present study found that self-efficacy, 
perceived barrier, perceived benefits, perceived severity and older age are the key 
predictors, which is consistent with the theories of risky behaviour and earlier studies. 
Interventions that address key constructs such as self-efficacy may increase the ability 
of adolescents to quit SLT or even prevent initiation. Moreover, incorporating self-
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efficacy as a cognitive behavioural intervention in several forms of tobacco use and 
nicotine dependency has proved successful. The anti-SLT programme should aim to 
decrease the perceptions that SLT use is beneficial. For example, SLT cessation 
intervention should focus on offsetting the sources of the message that dictate that 
SLT use is beneficial, such as movies, social media and other media. Generally, 
perceived severity serves as a good predictor of behaviour, and previous evidence has 
suggested that adolescent conceptualise potential SLT use related harm to include 
multiple health and non-health related consequences. Therefore, both health and non-
health consequences could be crucial components of adolescent anti-SLT 
communication efforts.  
 While considering other demographic, environmental and personal factors of 
adolescent SLT use, the survey found that adolescents aged as early as seven years 
old or younger were using SLT, which is a public health concern. From public health 
perspectives, age of onset is important, as there is considerable evidence that age of 
initiation is linked to a higher level of nicotine dependence, with previous studies 
showing that early initiation of tobacco is strongly associated with greater nicotine 
dependence in both younger and older adulthood (US Department of Health Services, 
2012). This consistent dose-response gradient indicated that the younger the age of 
SLT onset, the greater the degree of nicotine dependency. Early onset of SLT use is 
also associated with adverse health effects and a higher risk of transition to smoking. 
In addition, present case-control study results found that the average age of SLT onset 
was 23. This finding highlights the necessity for preventive efforts to focus on younger 
adolescents in rural areas of Bangladesh.  
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 The adolescent cross-sectional survey highlights the influence of the social 
environment on adolescent SLT use and the importance of both social and commercial 
access to SLT products. The present cross-sectional survey findings showed that social 
sources, such as friends and family members, are the most common sources of SLT 
for adolescents. It is beyond the scope of the present study to determine why social 
sources turned out to be the main source, but this finding suggests that social sources 
need to be addressed in adolescent SLT prevention strategies. This finding also 
highlights the unique challenge faced by rural Bangladeshi adolescent in relation to 
the parental source. SLT use in Bangladesh is regarded as a common social activity 
and is shared between friends, relatives, and family members. In Bangladesh, SLT use 
has been a part of social gatherings and offered in local festivals, weddings, and other 
celebrations, rather than regarded as detrimental behaviour. Parents offer SLT to 
adolescents and regard this as a very normal thing to do. Misconceptions about the 
benefits and harmlessness of SLT use, combined with low awareness of the risk 
associated with SLT use, have contributed towards these social practices.  
 Commercial sources have continued to be an important source of SLT to rural 
Bangladeshi adolescents. The preliminary evidence supports the importance of 
commercial restrictions and their value in lowering adolescent tobacco use (Chatterjee 
et al., 2016; Mistry et al., 2018;). The present school survey indicated that nearly 90% 
of the current SLT users were able to buy SLT from commercial stores. Restricting 
commercial access to SLT by adolescents is a supply-side strategy and it represents a 
demand reduction approach to preventing SLT use. According to TCA (the Tobacco 
Control Act) 2013, the buying and selling of SLT to and by minors are prohibited in 
Bangladesh. The act was passed in 2013 and went live in 2015. The field data for the 
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survey was collected in 2015; therefore, the efficiency of the new law is yet to be 
evaluated. However, recent studies from Bangladesh have already reported a poor 
implementation of this law and stated there is a lack of awareness and ignorance of 
the TCA (Alam, 2018). Adolescence is considered to be one of the most vulnerable 
age groups for tobacco uptake and is therefore one of the primary targets of tobacco 
control policies and interventions (Khan, 2016).  
 One of the key provisions of WHO FCTC article 14 was that government should 
provide tobacco cessation interventions for those who wish to quit tobacco (Nilan et 
al., 2017). The present school survey showed the majority of users wanted to quit 
SLT, but professional support was not available. Our findings demonstrate the urgent 
need for an SLT cessation campaign. More work is needed to increase the capacity to 
promote SLT cessation among adolescents. However, planning cessation intervention 
is challenging, as Bangladeshi adolescents face the double burden of both tobacco 
smoking and SLT.  
 The adolescent cross-sectional survey findings showed that, despite 
adolescents having an overall good knowledge, misconceptions about the relative 
harm it causes compared to smoking and a poor understanding of SLT content was 
prevalent. This finding has implications for how authorities can communicate about 
the risk of SLT products use. Risk communication campaigns are effective when 
studies identify the intended audiences’ overall understanding of the issue. A lower 
perception of harm from all tobacco products is associated with SLT use, and this 
indicates the need to change adolescents’ perception about the dangers of all tobacco 
products and denormalise tobacco use through evidence-based interventions. 
Moreover, the present study findings suggest that it may be effective to message 
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adolescents about the constituents of SLT products and the relative harm they cause, 
which is unfamiliar to them. Hence, there is a clear need to expand anti-tobacco 
messaging campaigns to demonstrate the risk associated with all forms of tobacco use 
and not solely focus on smoked tobacco. 
 The key findings of the present hospital-based case-control study indicate that 
the use of SLT is associated with a higher risk of oral cancer among Bangladeshi adults 
and an independent risk factor for oral cancer. This is the first epidemiological study 
of its kind that has looked at the risk of oral cancer from SLT use in Bangladesh. This 
local evidence was necessary to understand the risk of oral cancer from the type of 
SLT used in Bangladesh, as the contents of SLT products varied substantially from 
country to country. This variance in the contents of SLT products is likely to be 
responsible for the difference in oral cancer risk between developed and developing 
countries. The risk of oral cancer increases with the longer duration of SLT use. This 
finding explains why SLT chewing emerged as a stronger risk factor than smoking. 
With SLT, there is direct exposure to the mouth while the tobacco is being chewed for 
a long period of time. Whereas tobacco smoking involves inhaling smoke, which may 
lead to less contact with the mouth and more contact with the throat and lung than 
SLT. Given the various types of SLT used in Bangladesh and its popularity, there is an 
urgent need for the public to be made aware of the fact that SLT use increases oral 
cancer risk significantly. The present study findings showed an estimated 61% of oral 
cancer cases can be prevented in Bangladesh if SLT use can be eliminated. 
 The present case-control study findings indicate that Bangladeshi women have 
a higher risk of developing oral cancer from SLT use compared to men. Oral cancer is 
the fifth leading cause of death for Bangladeshi women (International Agency for 
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Research in Cancer, 2018). Moreover, Bangladesh is the only country in South Asia 
where the prevalence of SLT is higher among women than it is among men. 
Bangladesh has an estimated population of 167 million, of which 81.3 million are 
women. Women play a key role in the economic development of Bangladesh. Home-
based working women contributed an estimated US$2.59 billion to the total GDP 
(Gross domestic product) (Efroymson, Buddhadeb, and Ruma, 2007). There are four 
million garment workers in Bangladesh and 70% of these workers are women (Masum 
et al., 2017); therefore, it is in the country’s national interest that women are protected 
from SLT-related harm. Our estimation shows that eliminating SLT use amongst 
women would prevent roughly 76% of oral cancer cases among Bangladeshi women. 
Therefore, a tobacco cessation strategy is required that must address women’s SLT 
use. However, little is known about gender differences in attempts to quit SLT use. 
Given the misconceptions surrounding the harm caused by SLT use, cultural stigma 
and a lack of awareness regarding the addictive nature of the SLT products, there is 
an urgent need for gender-specific interventions targeting women.  
 Amongst men, the highest risk of oral cancer was observed for dual users (both 
smoking tobacco and SLT). The present study’s findings demonstrate that tobacco 
control policies based on the control of a single risk factor targeting Bangladeshi men 
are fated to fail in the long-term. Therefore, a comprehensive tobacco control 
programme is needed that will deal with both SLT and smoked tobacco on an equal 
footing, which is also critical for the effectiveness of SLT control regulation. As with 
the stricter policy for smoked tobacco control, there is the possibility that tobacco 
users will switch to cheaper alternatives.  
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 The present case-control study revealed that BQ, with and without tobacco, 
increases the risk of oral cancer substantially, as well as independent risk factors. 
Nevertheless, the risk is lower when BQ is chewed without tobacco. This finding 
supports previous study findings that the areca nut – one of the major components of 
BQ – is likely to be the main reason for the carcinogenicity of chewing BQ without 
tobacco. There is a need in Bangladesh for aggressive campaigns against BQ chewing, 
both with and without tobacco, alongside campaigns for smoking tobacco. In 
Bangladesh, BQ without tobacco is not considered to be as dangerous and it is believed 
that the betel juice is good for digestion, so it is often indulged by women and 
adolescents. However, BQ that has no tobacco should not be regarded as a safer 
alternative to BQ with tobacco. The current study findings stress it is important that 
the WHO FCTC places extra attention on SLT, including BQ. This initiative is likely to 
inform the appropriate measure that is required to prevent oral cancer in Bangladesh 
and other Asian countries. 
 Regarding the other oral cancer risk factors, the present study’s results clearly 
indicate that bidi smoking increases oral cancer risk amongst men. It is essential that 
this information is incorporated into overall smoking prevention and cessation efforts 
and special focus should be given to poorer urban and rural areas where bidi smoking 
is widespread (Warnakulasuriya, 2005). There is a widespread misconception that bidi 
smoking is less harmful than cigarette smoking (Rahman et al., 2003). An awareness 
campaign should include messages that rectify these misconceptions. Bidi packets 
should follow the other tobacco products in having legally-required health hazard 
warnings – and nicotine and tar levels – on the packaging. In addition, the present 
study’s findings indicate that poor oral hygiene is associated with an increased risk of 
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oral cancer. Oral cancer prevention strategies may want to consider promoting good 
oral hygiene practices and regular visits to the dentist. In Bangladesh, national 
campaigns informing the general population about the beneficial effects of twice-daily 
tooth brushing and the appropriate method are essential to prevent oral cancer. 
Additionally, the campaign should promote the message that regular visits to the 
dentist are essential to minimise the risk of oral cancer. 
 
5.4.2 Recommendation for public health actions 
 
 Based on the survey findings, anti-SLT interventions, addressing several key 
constructs from the Health Belief Model (HBM) and Social Cognitive Theory (SCT) can 
be effective in preventing adolescent SLT use. In addition, efforts should be made to 
increase adolescent awareness of the addictive nature of SLT. This may include public 
health education that targets adolescents with regards to the potential harm and 
addictiveness of SLT in order to reduce its appeal among adolescents. 
 To ensure adolescents do not take up this habit at a young age, the national 
anti-SLT campaigns in Bangladesh should extend their coverage to primary schools 
(5th Grade) rather than focusing on high schools (6th grade and above). As 
Bangladeshi adolescents are facing the double burden of smoking and SLT, a tobacco 
cessation programme that addresses multiple forms of tobacco use would be 
appropriate for them. 
 To restrict the access and availability of SLT products to Bangladeshi 
adolescents both commercial and social sources need to be addressed. To ensure that 
the selling or buying of SLT by minors is banned, a comprehensive policy formulation, 
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effective intervention and proper enforcement of the law are required. In addition, to 
prevent the social source of SLT products for adolescents, policy interventions should 
target peer networks, with regulatory and messaging campaigns. Such regulatory 
initiatives and campaigns should aim to create a perception that tobacco is difficult to 
obtain and consume, which would reduce the amount of tobacco experimentation and 
the opportunity for social exchange. Furthermore, to address the parental source of 
SLT, interventions are needed to ensure that parents understand the danger of using 
SLT and stop offering it to adolescents. In addition, parents who use SLT should be 
encouraged to quit. 
 Given the risk of oral cancer that is associated with SLT use among Bangladeshi 
adults, tobacco control measures in Bangladesh should address both smoked tobacco 
and SLT and include legislative and administrative measures that address several 
issues such as advertising, trade between countries, and the low tax rate on SLT 
products. In relation to the taxation of tobacco products, Bangladesh should focus on 
building its capacity to administer similar taxes on all types of tobacco – including SLT 
products – which will prevent switching to cheaper options or dual use. 
 To reduce the excess risk of oral cancer among Bangladeshi women, the 
national tobacco control strategy should address women’s SLT use and prevent the 
distribution and sale of unregulated SLT products (such as ‘Sadapata’), which is mostly 
used by Bangladeshi women. Overall, SLT cessation strategies should be combined 
with inclusive tobacco control legislation and all of these approaches should consider 
gender-specific efforts and other factors that can affect SLT use in Bangladesh and 
other low-middle-income countries. 
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 The present study findings emphasise the need for public health interventions 
targeted at both SLT use and smoking. The general public should be aware of the high 
risk of oral cancer associated with BQ chewing, with or without tobacco, as well as 
bidi smoking. Given the relatively poor survival rates of oral cancer patients, 
prevention and cessation of both forms of tobacco use remain as key elements in 
effectively preventing and controlling oral cancer.  
 
5.4.3 Recommendations for future research 
 
 The cross-sectional study has added knowledge to the limited literature that 
exists on SLT use among adolescents in Bangladesh. To the best of the author’s 
knowledge, this is the first study of its kind to look exclusively at adolescent SLT use 
and its associated factors in Bangladesh. Future studies should consider incorporating 
both qualitative and quantitative methods by expanding the scope of the study and 
assessing a wider range of data. Future studies should also consider conducting 
research in both urban and rural settings to determine the disparity that exists in the 
prevalence of adolescent SLT use in different geographical areas with different socio-
economic status. There is limited literature that compares SLT usage among 
adolescents in urban and rural schools in Bangladesh. 
 Despite the relatively low prevalence of SLT use amongst Bangladeshi 
adolescents, it is essential to continue monitoring SLT use. This should be 
complemented by the monitoring of this age group’s exposure to tobacco promotion 
and access to SLT, as it is essential for an understanding of SLT use trends and for 
appropriate evaluation of tobacco control efforts. Future studies should also consider 
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conducting a prospective study to follow adolescents over time, as this could enable 
the causal relationship between descriptive factors and SLT use to be established. 
Following adolescents over time could help researchers to determine whether SLT use 
leads to the smoking of cigarettes or the regular use of SLT in Bangladesh. 
 Since social connections were the predominant source of SLT for the 
Bangladeshi adolescents, a further longitudinal study should be carried out to 
understand the impact of banning the sale of SLT products, as well as the effect that 
this would have on sourcing SLT products through social connections. In addition, 
extensive studies need to be carried out to find out how to make SLT less accessible 
and available to adolescents from social sources. 
 The case-control study findings contributed to causal knowledge of the oral 
cancer risk posed by SLT use in Bangladesh. It also supported previous study findings 
on other behavioural factors – such as bidi smoking and oral hygiene factors. Findings 
of the present case-control study underline both the need for and importance of 
further study with a larger sample size, incorporating methodologies, such as the life 
course approach and other biological and genetic factors. These may help to create a 
better understanding of the aetiology of oral cancer amongst Bangladeshi adults. 
 The present case-control study found there is a strong association between SLT 
use and the risk of oral cancer after controlling for other measurers (age, gender, 
educational status, employment status, smoking and BMI). Future case-control studies 
should consider other mediators, such as Human Papilloma Virus (HPV) and diet. 
Nitrosamine is recognised as the most potent of carcinogens in SLT products. The 
combined carcinogenic effect of both SLT products with high-risk HPV has been 
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previously indicated. However, this association has yet to be elucidated as some 
studies have suggested an inversely proportional association between high-risk HPV 
DNA detection in cancer specimens and tobacco consumption, which warrants further 
research to characterise this relationship (Sand et al., 2014). 
 The positive association between SLT product uses in Bangladesh and the risk 
of oral cancer also warrants future research to look at the risk of pre-malignant lesions 
from SLT use in Bangladesh. The preliminary plan for the present study was to include 
oral leukoplakia and mouth cancer patients. However, during the six-month period, 
we did not observe a single oral pre-cancerous lesion case in the hospital. Thus, future 
studies in Bangladesh should aim to recruit oral pre-malignant lesion cases from a 
population source other than hospitals. However, recruiting cases from population 
sources in Bangladesh requires additional resources and is a time-consuming process. 
 The present study’s findings showed both betel quid – with and without tobacco 
– were associated with the risk of oral cancer. Future studies should consider a 
product-specific association that would enable an effective policy decision and refute 
claims SLT reduces harm and is an alternative to quitting smoking tobacco. To do this, 
future studies should link the contents and biomarkers of that specific SLT product 
with oral cancer. However, it will be extremely challenging to establish these links as 
the content of SLT products varies from region to region, even within the country. 
Custom-made and cottage industry SLT products have little or no standardisation. In 
addition, future studies should consider the health effects of the other ingredients that 
are consumed with the SLT products, such as slaked lime, betel nut, catechu (also 
locally known as ‘khair’) and other flavouring agents. For the present study, we tried 
to capture people who chewed betel nut exclusively. However, there were only a few 
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respondents that consumed betel nut alone, but a future study with a larger sample 
size should be able to capture this information. 
 For the present case-control study, more than 12% (41) of the younger patients 
under 40 years old had been diagnosed with oral cancer. Previous studies suggested 
an absence of traditional risk factors amongst younger patients (Llewellyn et al., 
2004). Additionally, the time span for traditional carcinogens, such as smoking, 
smokeless tobacco or alcohol drinking, to exert an adverse effect among these 
younger patients is comparatively short compared to older patients, thus, suggesting 
that oral cancer among younger patients may be distinct from oral cancer among older 
patients and may not be contributing to the traditional risk factors (Llewellyn et al., 
2001). Consequently, future research should examine other environmental 
carcinogens and the previous history of viral infection among this age group. 
 Our study findings indicated that a low BMI was associated with increased oral 
cancer risk. The exact biological mechanism of the association between BMI and oral 
cancer is still unknown. A prospective study is needed to explore this association 
amongst Bangladeshi adults. Moreover, the present study findings warrant future 
studies in Bangladesh that consider BMI changes in adulthood, such as the difference 
in BMI 2 years before the interview and BMI during the interview. This would allow us 
to understand the true effects of BMI on oral cancer risk amongst the selected 
population. However, recording the height and weight 2 years prior to the interview 
would be challenging, as it was the first time that many of the present study’s 
participants had been on the weighing scales and some had never known their 
previous weight, thus there is a high chance of misclassification bias. 





 SLT use is a major public health burden. Considering the scale and complexity 
of SLT use-related problems, such as trend and current use, industry marketing, 
effective legislation, and a lack of evidence-based interventions, this major public 
health burden warrants greater consideration and action. The prevalence of SLT and 
the amount of oral cancer-related deaths in Bangladesh is among the highest in the 
world. Despite that the epidemiological evidence related to SLT use and its association 
with deadly diseases like oral cancer is limited or non-existent. Therefore, the aim of 
this PhD research is to fill this current knowledge gap by looking at SLT use among 
Bangladeshi adolescents, as well as the factors associated with current use, and to 
determine what the association is between SLT use and the risk of oral cancer among 
Bangladeshi adults. Thus, this evidence will inform interventions that will be tailored 
to the prevention and cessation of SLT use in Bangladesh. A school-based survey and 
a hospital-based case-control study were conducted to attain the study objectives. 
  Findings from this adolescent cross-sectional survey indicate that SLT 
incidence amongst rural Bangladeshi adolescents is low compared to other 
neighbouring countries. However, early exposure to SLT is a public health concern. 
Boys were the predominant users, which follows the same trend that is found in other 
South Asian countries. Most adolescents sourced their SLT from social connections 
and the majority of current users are able to buy SLT products from stores without 
any restrictions, despite a government ban on selling SLT to minors. Another indication 
of poor implementation of current TCA is that many students did not notice any of the 
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health warning signs. Professional help to quit SLT is non-existent in rural areas of 
Bangladesh. Overall, rural adolescents had a good knowledge of the adverse effects 
of SLT. However, there was a widely held misconception about the addictiveness of 
SLT and its relative harm compared to cigarettes. The key predictors of current SLT 
use include several constructs from the SCT (Social Cognitive Theory) and Health 
Belief Model (HBM) – namely, perceived benefit, perceived severity, self-efficacy, and 
the perceived barriers. 
 The result of the case-control study indicates there is a strong link between SLT 
use and oral cancer amongst Bangladeshi adults. It was found that women had a 
higher risk of developing oral cancer from SLT use. Amongst the men, dual users (SLT 
+ Smoked tobacco) had the highest risk of developing oral cancer. The present case-
control study findings showed that betel quid, with or without tobacco, are both strong 
and independent risk factors for oral cancer. The use of SLT showed a clear and strong 
dose-response relationship for frequency and the duration of use. The dose-response 
relationship was strongest among the women. 
 Overall, in line with the studies from other countries in the SEAR region, the 
present study confirmed that SLT use is a strong risk factor in the aetiology of oral 
cancer in Bangladesh, while smoking tobacco in combination with SLT may also have 
an important role among Bangladeshi men. Preventive efforts to encourage current 
chewers to quit SLT are likely to be the most effective way to reduce the current 
burden of oral cancer in Bangladesh. 
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National Cancer Research Institute Conference, 2018 
Predictors of patient-related delay of oral cancer diagnosis in Bangladesh 
 
Year: 2017 
Session type: Proffered paper sessions 
Theme: Diagnosis and therapy 
Md Zahid Ullah1, Jennifer NW Lim2, Marie-Ann Ha1, Bas Bueno-de-Mesquita3 
1Anglia Ruskin University,2University of Wolverhampton,3Imperial College London 
Abstract 
Background 
Bangladesh ranked as the second highest country in the world for oral cancer-related death (14.5 
per 100,000 populations). Reducing the delay of oral cancer diagnosis can lead to early cancer 
detection and potentially reduce the mortality rate. Therefore, the aim of this study was to 
investigate the predictors of patient delay in oral cancer diagnosis among Bangladeshi subjects. 
Method 
To investigate predictors of patient delay (primary delay) in oral cancer diagnosis, 169 new oral 
cancer cases were recruited for a hospital-based case-control study. A Multiple Logistic Regression 
Model was used to estimate the Odds Ratio (OR) with 95% Confidence Interval (CI) of patient 
delay (more than 90 days from the first onset of sign and symptoms to seeking advice from 
healthcare professionals). 
Results 
Out of 169 patients (Mean age: 54 years, Male: 47.9% & female: 52.1%), a total of 59 (35%) 
patients reported a patient delay of more than 90 days. The mean and median patient delay was 
97.5 and 78 days (range 26 -360 days). Using a forward stepwise method for multiple logistic 
regression analysis, the higher grade of oral cancer (OR=0.34, 95% CI 0.17-0.69, p=0.003) and 
not visiting the dentist (OR= 5.24, 95% CI 2.57-10.71, p<0.001) were significant predictors of 
patient-related diagnostic delay. 
Conclusion 
The findings of this study emphasise the need for an educational and promotional campaign 
against oral cancer to increase patient awareness. Moreover, patients must be encouraged to visit 
their dentist regularly in order to increase the early detection rate.
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Appendix B-Adolescent cross-sectional 
survey questionnaire 
Instructions: 
• This survey is to look at the current prevalence of smokeless tobacco use
among 13-15 years old children and their knowledge about the effect on health.
• Please read each question carefully before answering it.
• Choose the answer that best describes what you believe and feel to be correct.
We want to know what you think, whatever you believe will be the correct
answer.
• On the answer sheet, locate the number that corresponds to your answer and
fill it in completely with the pencil that was provided to you.
• If you have to change your answer, do not worry; just erase it completely,
without leaving marks.
• Do not put your name on the survey. We do not want to know who answered
the questions.
• The answers you give will not be shared with your teacher or your parents. The
information will be used by the researcher (Dr Zahid) for his University degree
in England.
• If you do not want to fill in the questionnaire, you do not have to.
Introduction: 
Thank you for participating in this survey. Before you start, please read the following 
information that will help you to answer the questions: 
 Some of the questioBns will ask you about smokeless tobacco, which 
is tobacco that is not smoked, but is chewed, held in the mouth, or 
sniffed through the nose. Such as: Zarda, Sadapata, Pan Masala, 
Gutka, Gul; etc. 
About You 
A1. Are you? 
 Male 
 Female 
A2. How old are you? __________Years old 
A3. What is your father’s job if he is working? 
____________________________________________. 
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A4. What is your mother’s job if she is working? 
__________________________________________. 
Smokeless tobacco habits 
B1. Have you ever used smokeless tobacco, such as Pan with Jarda, Gul, 
Pan Masala etc, even just a small amount? 
 Yes (If yes, then what brand or type of smokeless tobacco you used 
___________________________) 
 No 
[If you tried smokeless tobacco, then answer the next questions. 
Otherwise, go to B15.] 
B2. How old were you when you first tried using smokeless tobacco? 
 I have never tried using smokeless tobacco 
 7 years old or younger 
 8 or 9 years old 
  10 or 11 years old 
  12 or 13 years old 
 14 or 15 years old 
B3. During the past 30 days, on how many days did you use smokeless 
tobacco? 
 0 days 
 1 or 2 days 
 3 to 5 days 
 6 to 9 days 
 10 to 19 days 
 20 to 29 days 
 All 30 days 
B4. How many times did you usually use smokeless tobacco per day, in 
past 30 days? 
 I did not use smokeless tobacco during the past 30 days 
 Less than once per day 
 Once per day 
 2 to 5 times per day 
 6 to 10 times per day 
 11 to 20 times per day 
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 More than 20 times per day 
B5. Do you ever use smokeless tobacco or feel like using smokeless 
tobacco first thing in the morning? 
 No, I do not use or feel like using smokeless tobacco first thing in the morning 
 Yes, I sometimes use or feel like using smokeless tobacco first thing in the 
morning 
 Yes, I always use or feel like using smokeless tobacco first thing in the morning. 
B6. How soon after you use smokeless tobacco, do you start to feel a 
strong desire to use it again that is hard to ignore? 
 I never feel a strong desire to use it again after using smokeless tobacco 
 Within 60 minutes 
 1 to 2 hours 
 More than 2 hours to 4 hours 
 More than 4 hours but less than one full day 
 1 to 3 days 
 4 days or more. 




 To feel better/good/Happy 
 Because my friend is using it 
 Do not Know 
 Other reason (Please Specify) _ ___________________________ 
B8. Do you want to stop using smokeless tobacco now? 
 I do not use smokeless tobacco now 
 Yes 
 No 
B9. During the past 12 months, did you ever try to stop using smokeless 
tobacco? 
 I did not use smokeless tobacco during the past 12 months 
 I tried, but not successful 
 No 
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B10. If you have tried to stop, but not successful, Why? 
_________________________________________. 
B11. Have you ever received help or advice to help you stop using 
smokeless tobacco? 
 Yes, from a programme or professional 
 Yes, from a friend 
 Yes, from a family member 
 No 
B12. The last time you used smokeless tobacco during the past 30 days, 
how did you get it? (If necessary, you can give more than one answer) 
 I did not use smokeless tobacco during the past 30 days 
 I bought it in a store or shop in the school canteen 
 I bought it from a street vendor outside the school gate 
 I got it from someone else 
 I bought it from a store near to my house 
 i bought it from a store on the way to school 
 I got it some other way.- if you are willing to state how, please do -
_____________________________ 
B13. During the past 30 days, did anyone refuse to sell you smokeless 
tobacco because of your age? 
 I did not try to buy smokeless tobacco during the past 30 days 
 Yes, someone refused to sell me smokeless tobacco because of my age 
 No, my age did not keep me from buying smokeless tobacco 
B14. During the past 30 days, did you see any health warnings on 
smokeless tobacco packages? 
 Yes, but I did not think much of them 
 Yes, and they led me to think about quitting smokeless tobacco or not starting 
smokeless tobacco 
 No 
B15. If one of your best friends offered you smokeless tobacco, would you 
use it? 
 Definitely not 
 Probably not 
 Probably yes 
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 Definitely yes 
B16. Once someone has started using smokeless tobacco, do you think it 
would be difficult for them to quit? 
 Definitely not 
  Probably not 
 Probably yes 
 Definitely yes 
Health effects of Smokeless tobacco 
C1. Do you think smokeless tobacco use is: 
 Good for your health 
  Neither good nor bad for your health 
  Not good for your health 
  Do not Know 
C2. Are there benefits of smokeless tobacco to your body and health? 
 Yes 
 No 




 Do not Know 
C4. Does smokeless tobacco cause white patches in the mouth? 
 Yes 
 No 
 Do not Know 
C5. Can smokeless tobacco cause oral cancer? 
 Yes 
 No 
 Do not Know 
C6. Does smokeless tobacco cause Gum diseases (Gum disease is 
an infection of the gum that surround and support your teeth)? 
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 Yes 
 No 
 Do not Know 
C7. Does smokeless tobacco cause heart disease? 
 Yes 
 No 
 Do not Know 
C8. Does smokeless tobacco contain nicotine? (Nicotine is a chemical that 
is present in cigarettes that makes people become addicted)? 
 Yes 
 No 
 Do not Know 
429 | P a g e
Appendix C- Approval from school 
headteachers 
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Appendix D- Parent consent form 
Your child is invited to taking part in the school-based Survey organised by 
Allied and Public Health Department of Anglia Ruskin University, United Kingdom and 
your child school. The survey will ask about Smokeless tobacco use and their 
knowledge about its’ harmful effects of 7th to 9th-grade students. 
Students will be asked to fill out a questionnaire that takes about 15 minutes to 
complete. 
Doing this paper and pencil survey will cause little or no risk to your child. The 
only potential risk is that some students might find certain questions to be sensitive. 
The survey has been designed to protect your child’s privacy. Students will not put 
their names on the survey. Also, no school or student will ever be mentioned by 
name in a report of the results. Your child will get no benefit right away from taking 
part in the survey. However, the results of this survey will help children in the future. 
We would like all selected students to take part in the survey, but the survey is 
voluntary. No action will be taken against the school, you, or your child, if your 
child does not take part. Students can skip any question that they do not wish to 
answer. In addition, students may stop participating in the survey at any point 
without penalty. 
Please read the section below. If you do not want your child to take part in the 
survey, please check the box and return the form to the school no later than 
[16.09.2015]. Please see the other side of this form for more facts about the survey. 
If your child’s teacher or principal cannot answer your questions about the survey, 
contact: 
 Dr Md Zahid Ullah MBA, MPH, BDS 
Doctoral Student, Anglia Ruskin University 
East Road, Cambridge Campus, CB1 1PT. 
United Kingdom. 





Child’s name: ___________________________________________ Grade: 
______________ 
I have read this form and know what the survey is about. 
[] My child may not take part in this survey. 
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Parent’s signature: ________________________________________ 
Date:_________________ 
Phone number: __________________________________________ 
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PARTICIPANT INFORMATION SHEET 
Section A: The research project: 
Title: “The risk and prevalence of Oral Cancer and Oral Leukoplakia of 
Smokeless tobacco use in Bangladesh.” 
Study Purpose: Recent Research had shown adolescents from the South-Asian 
region are more likely to be smokeless tobacco users. Studies from neighbour 
countries like India and Pakistan had shown higher numbers of adolescent (13-18 
years old) smokeless tobacco users. In this scenario, it is essential to explore the 
current prevalence of smokeless tobacco use and knowledge about its harmful effect 
among Bangladeshi adolescents (13-18). So, the aim of this study is to explore the 
current prevalence of smokeless tobacco use and knowledge about its harmful effect 
namely Oral Cancer and Oral Leukoplakia. The result of the study will help 
Bangladesh Government to come up with a better educational campaign for the 
adolescents and may reduce the burden of smokeless tobacco use and its harmful 
effect in future. 
“Smokeless tobacco is tobacco or a tobacco product that is used by means other 
than smoking. These uses include chewing, sniffing, placing the product between 
the teeth and gum. Such as Pan with Zarda, Sadapata, Pan Masala, Gutka etc.” 
“Oral Leukoplakia is a white or grey patch that develops on the tongue, the inside of 
the cheek, or on the floor of the mouth. It is the mouth's reaction to chronic irritation 
of the mucous membranes of the mouth.” 
“Oral cancer is also known as mouth cancer, is where a tumour develops on the 
surface of the tongue, mouth, lips or gums.” 
Invitation: Your child is invited to take part in this survey in their school. Their 
participation will help us to explore the current prevalence of smokeless tobacco use 
and knowledge about its harmful effect among adolescents in Bangladesh. 
Who is organising the study? 
The study is organised by The Department of Allied and Public Health, Faculty of 
Medical Science, Anglia Ruskin University, United Kingdom and School Name 
_____________________________. 
What will happen to the result of the study? 
The result of the study will be published in the scientific journals and articles. 
 Contact Information: 
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Dr Md Zahid Ullah MBA, MPH, BDS 
Doctoral Student, Anglia Ruskin University 
East Road, Cambridge Campus, CB1 1PT. 
United Kingdom. 
Email: [e-mail address redacted]
Phone Number: [number redacted]
Section B: Your child’s Participation in the research project 
Why your child has been invited to take part? 
The aim of the survey is to explore the prevalence of smokeless tobacco use and 
knowledge about its harmful effect among 13 to 18 years old adolescents. According 
to the school record, your child is eligible to take part in this survey. 
Whether you can refuse to give consent for your child to take part? 
Participation in this research project is entirely voluntary. You are absolutely free to 
refuse to give consent for your child to take part in this study. 
Whether your child can withdraw at any time, and how? 
Your child is free to withdraw from this study at any time – even in the middle of the survey. 
What will happen if you agree for your child to take part? 
If you agreed for your child to take part in this study, we would ask your child to attain 
a survey in their school either with the researcher. The survey will not take more than 
15 minutes. The questionnaires will have three different sections. In the first section, 
we will ask about their age, father’s and mothers' educational background and their 
professions. In the second section there will be questions about the smokeless tobacco 
habits, the third section there will be questions about the harmful effect of smokeless 
tobacco use. 
Whether there are any risks involved (e.g. side effects from taking part) and 
if so what will be done to ensure your wellbeing/safety? 
There is no major risk involved from taking part in this study. Your child’s name will 
not be used in anywhere, so it will be impossible to identify that who had provided the 
information. 
Does agreement to participate in this research, compromise your child’s 
legal rights, should something go wrong? 
435 | P a g e
Agreement to participate in this research will not compromise your child’s legal rights 
if something goes wrong. 
Whether there are any special precautions, your child must take before, 
during or after taking part in the study? 
You do not need to take any special precautions before, during or after taking part in 
the study. There is no risk associated with participating in this study; It involves only 
the collection of data by means of a survey. 
What will happen to any information/data/samples that are collected from 
your child? 
Any information/ data that are collected from your child will be published in Academic 
journals, articles and research seminars. 
Whether there are any benefits from taking part? 
Participants will not benefit directly from their participation in this study. However, the 
results from this study may help the Bangladesh Government to come up with the 
effective educational campaign. 
How your child’s participation in the project will be kept confidential? 
We assure that all information gathered during the course of this research project will 
be kept entirely confidential. Only the researchers involved in this project and the 
research assistants gathering the data will have access to the information you child 
provided, which will be kept locked in the research office. All the data will be identified 
by a code number, so we will not know to whom the data are related. The results of 
the research will be published in scientific journals in an anonymous form. All the data 
will be kept for a period of 5 years, after which they will be destroyed. 
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Appendix E- Knowledge score allocation 
Name of the Item Allocated Score 
Do you think smokeless tobacco 
use is? 
Good for your health (Score 0) 
Neither good nor bad for your health 
(Score 0) 
Not good for your health (Score 1) 
Do not Know (Score 0) 
Are there benefits of smokeless 
tobacco to your body and health? 
Yes (Score 0) 
No (Score 1) 
Does smokeless tobacco cause 
less harm to your health 
compared to smoking tobacco? 
Yes (Score 0) 
No (Score 1) 
Do not Know (Score 0) 
Does smokeless tobacco cause 
white patches in the mouth? 
Yes (Score 0) 
No (Score 1) 
Do not Know (Score 0) 
Can smokeless tobacco cause oral 
cancer?  
Yes (Score 0) 
No (Score 1) 
Do not Know (Score 0) 
Does smokeless tobacco cause 
Gum diseases?  
Yes (Score 0) 
No (Score 1) 
Do not Know (Score 0) 
Does smokeless tobacco cause 
heart disease? 
Yes (Score 0) 
No (Score 1) 
Do not Know (Score 0) 
Does smokeless tobacco contain 
nicotine?  
Yes (Score 0) 
No (Score 1) 
Do not Know (Score 0) 
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Appendix F- Model diagnostics 
 
Multivariate model diagnostics: 
 
 Model diagnosis 
 
df Likelihood Chi-square  Likelihood P-value Model 
Accuracy 
6 41.4  2 x 10 -7 82% 
 
 Table 36 shows that the likelihood test result was statistically significant which 
indicates that the final model fits the data better than the Null model (model with no 
predictors) where the p-value for the likelihood ratio test was less than 0.05. The model 





As mentioned above, the model correctly classified 82% of the data. The ROC curve 
shows that the AUC is 84.69% which indicates a good predictive power (>0.8). As a 
rule of thumb, a model with good predictive ability should have an AUC closer to 1 (1 
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AUC (Area Under Curve) test of the final predictive model 
Test Result Variable(s): Predicted probability 
Area Std. Errora Asymptotic Sig.b 
Asymptotic 95% Confidence 
Interval 
Lower Bound Upper Bound 
.847 .025 .000 .799 .895 
a. Under the nonparametric assumption
b. Null hypothesis: true area = 0.5
Deviance residuals also indicate that the model was a good fit for the data 
where the coefficients did not change significantly with the removal of any of the data 
points 
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Section A. Medical information 
 
Interviewer Reminder: Prior to interview, obtain the information below from hospital 
medical records 
 
 Identification number:........................................................................................................... 
A1 Status................................................................................................................................... 
(01) Case (02) Control 
FOR CONTROL: 
A2. Control Department: (Code 88 For cases)......................................................................... 
(01) Dental department (04) Out Patient Department (OPD) 
(02) Surgery 
(03) Medicine 
A3. Main Diagnosis of 
control__________________________________________________________ 
FOR CASES: 
A4. Type of cases?.............................................................................................................. 
(01) Oral cancer (Go to Q. A7) (02) Oral Leukoplakia. 
A5 Oral Leukoplakia Site..................................................................................................... 
(01) Gums (04) Right Cheek (07) Middle of the tongue (10) Floor of the mouth 
(02) Lower Lip (05) Right side of the Tongue (08) Back of the tongue (11) Soft Palate 
(03) Left Cheek (06) Left Side of the Tongue (09) Under surface of the tongue. 
  (12) Oral Leukoplakia with Overlapping Region. 
A6. Extent of the Oral Leukoplakia........................................................................................ Mm. 
A7. Cancer Site:..................................................................................................................... 
(01) Gums (04) Right Cheek (07) Middle of the tongue (10) Floor of the mouth 
(02) Lower Lip (05) Right side of the Tongue (08) Back of the tongue (11) Soft Palate 
(03) Left Cheek (06) Left Side of the Tongue (09) Under surface of the tongue 
(12) Oral Cancer with Overlapping Region 
For All the Subjects: 
A8. Date of Diagnosis............................... Day. Month year (99-99-9999 don't know) 
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A9. Time since Diagnosis (Days)........................................................................................ 
A10. Time since Pre-Diagnostic complaints, sign and symptoms Days/Months.................. 
A11. Interviewer’s name:........................................................ 
A12. Date of Medical Data collection....... Day Month Year 
Section B. General Information 
B1. Date of interview........................................... Day Month Year 
B2. Time of beginning of the interview.................... Hour Minute. 
B3. Sex................................................................ 
(01) Male (02) Female
B4. How old are you?........................................ Years Old 
B5. What is your marital status?............................. 
(01) Single (02) Married (03) Divorced
B6. What is the highest level of education you have 
completed?........................................................... 
(01) No-formal education (05) High School completed (09) Refused
(02) Less than primary school completed (06) College, University completed
(03) Primary school completed (07) Postgraduate degree completed
(04) Less than high school completed (08) Don't know.
B7. Which of the following best describes your main work status last 12 
months?.................................. 
(01) Government Employee (07) Daily labourer (13) Unemployed, unable to work
(02) Non-Government employee (08) Other Self employed (14) Other, Please specify_______
(03) Business small (09) Student
(04) Business Large (10) House worker
(05) Farming (11) Retired
(06) Industrial workers (12) Unemployed, able to work
B8. Weight measurement?............................. Lbs 
B 9. Height Measurement?.......................... Feet Inch 
Section C. Smokeless tobacco habits 
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Interviewer Reminder: Use the life grid if necessary to help answer Q C1 to C4. 
 Avoid overlapping years for the same product, type of cigarette or amount smoked, i.e. 
Record 30-40, 41-45 rather than 30-40, 40-45. 
 Only note changes occurring in one year or more. 
 Exclude quitting during pregnancy(ies) if for less than one year. 
C1. Do/ did you use chewing tobacco, betel quid, Areca nut and/or pan masalla etc? 
(00) Never (Go to C4) (01) Yes, I still do (02) Yes, only in the past
From age To age (A) Type (B) Duration Consumption Per 
  (Minutes) (How many) (C) 
To age (A) 
If still taking smokeless tobacco 




(02) Betel quid with Zarda
(03) Betel quid without Zarda
(04) Areca nut with Zarda
(05) Areca nut without Zarda
(06) Sadapata only










C2. When you chew tobacco, where in your mouth you usually keep it, on the left side or the 
right side? 
(01) Left (02) Right (03) Both.
C3. Did you ever use 
snuff?.................................................................................................................................... 
(00)No (Go to section D) (01) yes (02) yes, only in the past
From Age To age (A) Consumption Per (C) 
  (How many) 
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C4. Which brand of snuff you use most often? ______________ 
C5.When using snuff Do you usually take it by nose or 
mouth?...................................................................... 
(01) Nose (Go to next Section) (02) Mouth (03) both.
C6. How long do you keep snuff in your mouth? __________ Minutes 
C7. When you take snuff, where in your mouth you usually keep it, on the left side or the right 
side?....... 
(01) Left (02) Right (03) Both.
C8. Do you usually place the snuff towards the front or the back of the 
mouth?.......................................................................................................................................................
............... 
(01) The front (02) The back (03) The centre.
Section D. Smoking Habits 
To Age (A) 
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D1. Have you ever smoked in your life?.......................................................... 
(00) Never (Go to next section) (01) Occasionally (02) Yes (I still do) (03) Yes, but only in the past.
D2. Did you ever Smoke cigarettes?....................................................................... 
  (00 No (Go to next Q, D3) (01) Yes (02) Yes, only in the past. 
From Age To age (A) Type (B) Consumption Per 
  (How Many) (C) 
To age (A) 
If still smoking, write age of 









D3. Did you ever smoke bidis?.................................................................................. 
(00) No (Go to section.D 4) (01) Yes (02) Yes, only in the past
  From Age To age (A) Consumption Per (C) 
  (How many) 
To Age (A) 






D4. Did you ever smoke, water pipe/ Hukkah?.................................................................................. 
(00) No (Go to Q.D5) (01) Yes (02) Yes, only in the past
  From Age To age (A) Consumption Per (C) 
  (How many pipes full of tobacco) 
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D5. Did/Do you smoke cigar?......................................................................................................... 
(00) No (Go to next section) (01) Yes (02) Yes, only in the past
  From Age To age (A) Consumption Per (C) 
  (How many) 
Section E. Drinking Habits 
E1. Did you ever drink alcoholic beverages at least once a month?...... 
To Age (A) 






To Age (A) 
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(00) No (Go to next section) (01) Yes, I do (02) Yes Only in the past
E2. When Do/ did you usually drink alcoholic beverages?..................... 
(01) With meals (03) Both
(02) Between meals (04) Only at social events.
E3. Beverages if (A) – (05) From Age To Age Unit Consumption Per 
(A) Then Specify (B) (How Many) (C)
Other beverages












(03) Big glass (250ml)
(1/2 pint)







Section F. Oral Health 
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I am going to ask you some questions about your oral health before your diagnosis/ being seen 
at this clinic and at a different time in your lifetime. 
F1. Did you wear complete dentures?....................................................................................... 
(00) No (Go to question F4) (02) yes, top only
(01) Yes bottom only (go to question F3) (03) yes, top and bottom.
F2. At what age did you start wearing complete top dentures? Years......................................... 
F3. At what age did you start wearing complete bottom dentures? Years................................ 
(Code 888 if F1 = 02) 
F4. Did you wear partial dentures?............................................................................................... 
(00) No (02) yes, bottom only
(01) Yes, top only (03) yes top and bottom.
F5. What instrument you use to clean your teeth?................................................................... 
(01) Toothbrush (02) Fingers (03) Sticks (04) Others, specify_________________.
F6. How often do you clean your teeth?...................................................................................... 
(00) Never (03) Every other day
(01) Less than once a week (04) Once a day
(02) 1-2 times a week (05) twice or more a day.






F8. Did your gums bleed, when you clean your teeth?............................................................ 
(00) No (01) Sometimes (02) Always or almost always.
F9. Have you ever had an ulcer or a cut because of denture or a tooth?................................ 
(00) No (01) Yes.
F10. In the last 20 years how often did you see a dentist?.......................................................... 
(00) Never (03) Every 2-5 Years
(01) Every 6 Months (04) Once every 5 years
(02) Every year (05) Only when I had Pain.
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Section G. Family cancer History 
G1. Has any member of your biological family ever had cancer?.................................................. 
(00) No (01) Yes (99) Don't know.
G2. Relationship status Current/ last age Type of Cancer Age at Diagnosis 
(A) (B) (C) (D)
___________________
  ___________________ 
  ___________________ 
  ___________________ 
  ___________________ 
  ___________________ 













If alive write the
current age.
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Appendix H -Life Grid 
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Appendix I- Ethical Approval 
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Letter from dental college redacted due to confidentiality considerations. 
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Appendix J- Patient Consent form 
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Appendix K- Post-hoc power calculation of 
case-control study 
 
A post-hoc power calculation was conducted from the preliminary findings of 
the study, where 71% of cases and 26.6% of controls were SLT users. With a two-
sided confidence interval of 95% and 5% type I error, the study attained 100% power. 
See the calculation below (Levine and Ensom, 2001): 
 
p1, p2 = proportion (incidence) of cases and controls 
Δ = |p2-p1| = absolute difference between two proportions 
n1 = sample size of cases 
n2 = sample size of controls 
α = probability of type I error (0.05) 
z = critical Z value for a given α or β 
K = ratio of sample size for controls to cases 
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Appendix L- School survey instrument 
student evaluation review 
Please circle your response to the following questions. 
1. Did you understand the directions on how to complete this questionnaire?
Yes                  No
2. Did the title clearly tell you what the questionnaire was about?
Yes                  No           Unsure
3. Were there any questions that you were unable to answer completely or correctly
because the question was not asked clearly? 
 Yes                  No          Unsure 
4. Were there any questions that you were unable to answer because they were too
personal? 
 Yes  No 
5. Were there any multiple-choice questions that did not provide a complete list of
choices? 
 Yes  No 
6. Do you think the questionnaire was too long?
Yes                  No
7. Were there any words in the questionnaire that you did not know the meaning?
Yes                  No        Unsure
8. Were you provided with clear directions as to what to do with the questionnaire
when
finished? 
 Yes  No 
9. Do you believe that if you were to be in this study your responses would be kept
confidential? 
 Yes  No  Unsure 
10. Were the purposes o f the study clearly explained to you?
Yes                  No
11. Were you given the name, address, and phone number o f the person
conducting the study in case you want to ask questions?
 Yes  No 
